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GENERIC ASSESSMENT OF RADIATION EXPOSURES TO 
WORKERS IN A PORTABLE SMELTER AND TO THE 
SURROUNDING POPULATION 
M. L. Randolph, A. P. Watson, and F. R. O'Donnell 
ABSTRACT 
A scenario for operation of a proposed portable smelter has been 
developed by National Lead Company of Ohio to recycle radioactively 
contaminated ferrous scrap arising from modifications at nuclear 
facilities of the Department of Energy. The current generic study 
complements that work by developing tab1 es of radiation dose conversion 
factors for estimation of external who1 e-body doses and 50-year 
whole-body internal dose commitments to routine workers in the smelter 
and to the public within 50 miles of the smelter. Applications of the 
tables to specific cases require site-specific source terms consisting 
of amounts of radionuclides present in scrap metal, separation 
efficiency for radionuclides, concentration of contaminated airborne 
particulates, ingested amount of contaminated material, amount of metal 
released through the stack, etc. Equations relating doses to tabular 
values and these source terms are developed, and hypothetical sample 
calculations are given. Assumptions, approximations, and limitations 
of the methods are discussed as well as nonroutine operations and 
nonradioactive hazards. 
National Lead Company of Ohio (NLO) has developed a scenario for 
the operation of a proposed portable smelter intended for on-site 
resmelting of slightly contaminated ferrous scrap metal arising from 
modifications to nuclear facilities of the Department of Energy 
(Cavendi sh, 1976; Emi son, 1977; Cavendi sh, 1977a). The purpose of 
this generic study is to provide sets of radiation.dose conversion . . 
factors for several modes of possible radiation exposure. For example,. 
one set consists of possible external whole-body doses to the various 
workers resulting from 1 year of processing scrap metal that was 
initially contaminated with a reference level of 1 ppm by weight of . 
each of 30 radionuclides. 
Within the smelter, principal modes of radiation exposure > .  
considered are (1) external, from a design-specified set of scrap 
metal, slag, and metal product sources; and (2) internal, from 
inhalation of airborne contamination and from ingestion, The relative 
importance of these exposure modes depends on the radionuclides present 
(i .e., the types of radiations they emit and their metabolisms) and . 
their concentrations and distributions in or on the various external 
sources and in air. 
Tables of dose factors are given for eight worker catcgnries from 
processing of about 25,000 tons of scrap iron during a 1-year period; ' 
These tables were derived assuming that the workers (1) are exposed to 
metal scrap, slag, and product metal each containing 1 ppm by weight 
of each of 30 radionuclide decay chains (assumed to include 20-year 
bu i ld -up  o f  daughter rad ionuc l ides) ;  ( 2 )  a r e  immersed i n  a i r  t h a t  
conta ins  5 mg/m3 of i r o n  ox ide  (Fe203) p a r t i c l e s ,  which i s  the  chron ic  
th resho ld  1 i m i  t i n g  value (TLV) s e t  by the  American Conference o f  
I n d u s t r i a l  Hyg ien is ts  (1 976) ; and ( 3 )  i n g e s t  1 g/year o f  contaminated 
mater i .a l .  Equations a re  g iven f o r  es t ima t ing  r o u t i n e  doses i n  r e a l  
cases from the  t a b u l a r  values g iven here in  and measured s i t e - s p e c i f i c  
contaminat ion l.evel s  (as mu1 t i  p l  es of t he  re ference contaminat ion 1 eve1 s )  . 
Outside the  smelter,  t h e  p r i n c i p a l  modes o f  r a d i a t i o n  exposure 
considered from stack emission t o  t h e  general p u b l i c  a r e  from: sur face 
( i .e . ,  ground) contaminat ion, immersion, a i r  i n h a l a t i o n ,  and i n g e s t i o n  
o f  food, grown near t h e  smelter.  A t a b l e  o f  dose f a c t o r s  i s  g iven f o r  
doses from a y e a r ' s  exposure t o  each o f  30 rad ionuc l i des  v i a  these modes. 
a t  1 km from the stack ( w i t h  a i r  f l o w  g iven by NLO) as w e l l  as a t a b l e  
of r e l a t i v e  exposures a t  var ious  d is tances up t o  72 km. The reference 
l e v e l  f o r  the  dose f a c t o r s  i s  an annual re lease o f  1 g o f  n u c l i d e  from 
the  stack. ~ ~ u a t i o n s  a re  g iven f o r  doses i n  r e a l  cases from 
the  t a b u l a r  values and a 1 i s t . o f  user -spec i f ied ,  s i t e - s p e c i f i c  i n p u t  
parameters. 
I n  a d d i t i o n  t o  p resent ing  the  dose fac to rs ,  t h i s  r e p o r t  a l s o  
discusses the  assumptions used, l i m i t a t i o n s  o f  t he  treatment,  and 
( b r i e f l y )  acc idents and unusual occurrences. Examples a r e  a l s o  g iven . 
of t he  methods f o r  a p p l i c a t i o n  o f  t he  dose- factor  t ab les  t o  def ined,  
s p e c i f i c  hypo the t i ca l  problems. 
Estimates of ex te rna l ,  d i r e c t  r a d i a t i o n  doses t o  workers i n  t h e  
proposed smel t e r  (Cavendi sh , 1976 ; E m i  son, 1977; Cavendi sh, 1977a, 
1977b) a r e  made, us ing  an upgraded vers ion  o f  the  CONDOS computer code 
(O'Donnel l  e t  a l . ,  1975; K i l l o u g h  and McKay, 1976). Necessary i n p u t  
parameters inc lude:  assignments o f  workers i n  terms o f  t imes i n  var ious 
l o c a t i o n s  and d is tances from a l l  p o t e n t i a l  r a d i a t i o n  sources, i d e n t i t i e s  
and abundances o f  rad ionuc l i des  present,  s izes  and geometries o f  sources, 
c h a r a c t e r i z a t i o n  o f  any s h i e l d i n g  present, and amount o f  s lagging 
m a t e r i a l  added. Uncer ta in t i es  encountered inc lude:  t ime averaging o f  
t h e  exposure du ra t i ons  o f  workers t o  the  var ious sources; an unknown 
assortment of scrap s izes  and shapes; the  ex ten t  t o  which t h e  scrap 
has surface o r  homogeneous contamination; l o c a t i o n s  and s izes  o f  major 
scrap, slag, and product  p i l e s ;  and s lag  d isposal  p rac t i ces .  
Informat ion suppl i e d  by Nat ional  Lead Company (Cavendish, 1976; 
Emison, 1377; Cavendish, 1377a; Cavendish, 1977b) i s  smel ter-design 
s p e c i f i c .  Tables 1  and 2 ( t ime  assignments o f  r o u t i n e  workers) and 
Table 3 (est imated average d is tances from work s i t e s  t o  p r i n c i p a l  
r a d i a t i o n  sources) were assembled from NLO data. F igure 1  (Cavendish 
1976, p. 37) shows the  p o s i t i o n s  assumed f o r  the  var ious work s i t e s .  
These d is tances a r e  thought t o  be conservat ive ( i  .e., l e s s  than o r  equal 
t o  t h e  r e a l  average d is tances)  bu t  cannot be exact  i n  the  absence o f  
d e t a i l e d  t ime and mot ion studies.  For each work s i t e ,  a  s e l e c t i o n  o f  
sources t o  be inc luded i n  dose c a l c u l a t i o n s  was made, based on source 
s izes  and d is tances between sources and workers. 
Table 1. Time assignments according t o  j o b  t i t l e  
and opera t ion  of r o u t i n e  workers i n  smel ter  
Job t i t l e  Operat ion Time per  s h i f t  
( h r )  
Fork1 i f t  operator  
Crawler crane opera tor  
U t i l i t y  worker 
Scrap d r i e r  
Smelter crane opera tor  
Furnace operatar  
Pourer-hoo ker  
P ig  s tacker  
Maintenance 'wo'rker 
Charge prepara t ion  
Scrap d r y i n g  
Slag drum 
Slag storage 
P ig  s tack ing  
Serv i c ing  
Tota l  
Charge prepara t ion  




Ladle p repa ra t i on  
Tota l  
S i z i n g  
Dry ing  
Tota l  
Smel ti ng 
Smelt ing 
 lagging 
Tota l  
S l  aggi ng 
Pouring 
Pigging 
Tota l  
P i g  s tack ing  
General maintenance 
?Not  inc luded i n  d e t a i l e d  exposure ca l  cu l  a t i o n s  because o f  
unspeci f i e d  1  ocat ion .  
Table 2. Tiwe assignm2nts o f  r o u t i r e  workers acccrding 
t o  s i t e  and operat ion i r  smelter 
~i tea Operation Job t i t l e  Time per s h i f t  Remarks 
( h r )  
Charge preparat ion 
Charge preparat ion 
S i z i n g  scrap 
Dry ing scrap 








B i g  s tack ing 
C raw1 e r  crane operator 
F o r k l i f t  operator  ( 2 1 s h i f t )  
L t i l i t y  worker 
F o r k l i f t  operator  ( 2 l s h i f t l  
C t i l i t y  worker 
Ccrep d r i e r  
Fork1 i f t  operator  ( 2 I s h i f t  1 
Screp d r i e r  
h e 1  t i  ng crane operator  
Furnace operator  
Furnace operator  
Pourer-hooker 
Uti- i t y  worker 
Pourer-hooker 
U t i -  i t y  worker 
F o r k l i f t  operator  (21sh i f t )  
F o r k l i f t  operator  ( 2 1 s h i f t )  
Pourer-hooker 
U t i l i t y  worker 
P ig  s tacker  end 
st rapper  
8 f x t e r n a l  t o  bu i ld ing ;  
0.75 l o c a t i o n  and exposure 
0.5 mar be s i t e  s p e c i f i c  
11 ' i g  s tack ing Fork1 i f t  operator  ( 2 l s h i f t )  1 
12 "-ad1 e preparat ion L t i  l ' t y  worker 2 
Ladle r e f i n e r  8 In f requent  operst ion 
13 Serv ic ing = o r < - i f t  operator  ( 2 1 s h i f t )  3.5 Locat ion unspeci f ied 
Hai i tenance worker 8 Locat ion unspeci f ied 
14 ,Analysis "-abwatory technic ian 1 
a See Fi3.  I. 
Table 3. Distances o f  workers from r a d i a t i o n  sources 
.a See F ig .  1 f o r  l o c a t i o n s  o f  "ork s i t e s  and r a d i a t i o n  sources; see Table 2 f o r  t ime assignments t o  s i t e s .  
b ~ i s t a n c e s  g iven  a re  those used i n  c a l c u l a t i o n s ;  o ther  d is tances a re  assumed t o  be i n f i n i t e .  
Worker Worksi te"  
i r 
C 
Crawler crane operator  1 





Furnace cpera to r  6 
Smeltsr crane oper3tor  5 
P ig  s tacber  ( two per s h i f t )  10 
Pourer- hcoker 7 
7 
9 
Scrap d r i e r  3 
4 





Rad ia t ion  sourcea 
(Distance i n  meters from source) h 
8 C 
16.0 4.6 15.0 
14.0 1.9 5.5 










30.0 1.3 14.3 
30.0 3.1 2.5 





0 E F 
18.0 18.0 18.0 
6.2 7.6 13.6 
3.2 4.7 6.1 
3.2 3.2 5.2 
5.0 3.0 4.0 
25.0 21.1 
11.2 4.4 
14.4 9.1 6.2 
21.0 
G H I 
24.6 21.3 21.3 
15.8 12.2 
10.8 8.6 
12.8 5.2 3.1 
9.0 4.0 1.3 
15.7 17.0 31.1 
2.9 6.3 12.8 
6.1 3.3 9.1 
12.6 15.2 22.6 
J K L 
25.0 
16.0 20.0 22.0 
8.7 18.0 
10.0 14.0 
13.0 7.2 5.2 
3.8 5.0 6.5 
8.7 6.0 7.5 
13.0 7.2 5.2 
14.4 8.2 6 . 2 ,  2.4 1.5 8.5 
14.3 8.0 6.2 2.4 2.4 8.5 
13.2 10.5 5.6 6.9 14.3 
2.3 7.4 9.0 
2.2 7.4 9.0 
4.9 1.3 3.2 
26.0 24.0 
9.0 14.0 16.0 
25.0 25.0 
2.3 7.4 9.0 
2.2 7.4 9.0 
4.9 1.3 3.2 
5.6 2.0 3.2 
9.9 13.8 17.6 
2.5 1.9 % 4 . 7  
6.1 6.3 13.8 
14.4 8.2 6.2 
14.3 8.0 6.2 
13.2 10.5 
12.1 9.2 






3.6 2.0 10.0 
11.0 14.0 8.0 
12.0 4.0 
8.0 1.2 10.1 
23.6 17.4 12.2 
12.7 6.8 5.5 
15.8 12.7 
2.4 1.5 8.5 
2.4 2.4 8.5 
5.6 6.9 14.3 
6.8 7.2 13.4 


















6.0 12.0 2.6 
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Fig. 1. General plan view o f  ,operating facility (adapted from Cavendish 1976). 
Only a few simple geometries lend themselves to rigorous, direct 
calculations. The shapes and orientations of some sources (e.g., the 
contents of the furnace) may be well defined, but the shapes and 
orientations of other sources, especially of the scrap pieces, generally 
cannot be predicted. Hence we have approximated the true geometries 
by assuming each source to be a cylinder with all exposed persons 
located, on the cylinder axis. The masses of these cylinders were taken 
from NLO information (Emison, 1977). The heights assigned to the 
cylinders were equal to or less than the actual average thickness of 
the sources, and thus the radii of the cylinders were maximized. 
Orientation of all flat surfaces toward exposed persons tends to 
overestimate the surfaces to which workers are exposed. We take the 
density of the product as 500 1 b/ft3 (specific gravity, 7.8), slag as 
250 lb/ft3 (specific gravity, 3.9), and scrap as 50 1b/ft3 (specific 
gravity, 0.8), a bulk density which approximates that of automobiles 
crushed flat. (The contents of the furnace were considered as molten 
scrap with a specific gravity of 7.8.) A summary of source weights and 
dimensions is given in Table 4. 
To facilitate use of the dose factors calculated in this study 
when actual source terms are available, all calculations were made for 
nominal, reference concentrations (1 ppm by weight) of the 30 nuclides 
listed in Table 5. 
Homogeneous contamination is assumed despite the expectation that, 
for input scrap, most contamination will be on surfaces. If the 
contamination is primarily on thick-walled, internal surfaces (e.g., 
pipes and vessels), we might overestimate doses from scrap metal 
Table 4. Equivalent s izes o f  rad iat i3 .1 sorrces 
(Real sources we-e approximated by c y l i n d r i c a l  sourcss o f  roughly equal mass) 
Appro.<imate 
S i t e  Source wei 3ht  Density Radius Thickness Kind c f  so i rce  Remarks 
( t o m )  (g/cm3) (m) Im) 
A Main scrap p i l e a  1.E. + qb 0.8 2 6 . 0 ~  20.0' Swap Take average weight as 0.6 
o f  t o t a l  
B ,  C, D, Tote box, s k i p  h o i s t ,  2 0.8 0.8 1.1 Sera? 
and F rece iv ing  pan, and 
charge bucket 
E Scrap d r i e r  4 0.8 1.2 1 .O c r a p  Maximum weight 
G Furnace 
H Slag quench tank 
PO 7.8 0.8 0.6 Scrap Maximum weight; scrap 
composition; dens i t y  of 
product 
C. 35 3.9 0.3 ' 0.'04 Slag Estimated average weight 
= 1-hr c o l l e c t i o n  
I Temporary s lag  storage 1 3.9 0.4 0.5 SLsg Estimated average weight A 
= 1-day c o l l e c t i o n  o 
J Lad1 e -  L 7.8 0.4 0.45 Product 
K Pouring stand 2' 7.8 0.5 0.3 !Ps,duct 
L Pigging machine 1 7.8 0.6 0.1 ' P r ~ d u c t  
M P ig  coo l ing  2 0 7.8 0.9 0.9 .Pnduc t  
N P ip s:acking L 7.8 0.5 0.6 P n d u c t  
0 Lsdle heat and r e p a i r  0.1 7.8 0.38 0 . 0 5 -  . P n d u c t  
P Scrap burn-of f r! 0.8 1.9 0.4 Scrap 
Q . One s l a g  dnum (55 ga l )  3.9 0.38 0.5 Sl3g 
R Semi permanat  s lag  storage ?O 3.9 1.0 1.5 Slag Estimated average weight 
f o r  20-day c o l l e c t i o n  
a Semic i rcu lar  c v l  i nder  assumed. 
b ~ e a d  as 1.8 x lo'. 
11 
Tab1 e 5. . Radionucl i des  . cons ide red .  and. some. o f  t h e i r  c h a r a c t e r i s t i c s  
S p e c i f i c  
Nuc l i de  t l / z a  a c t i v i t y  
. (days)  ( C i l s ) .  
S p e c i f i c  
Nuc l i de  t 1 1 2 . ~  a c t i v i t y  
(days)  ( C i / g )  
Na-22 9.5 + 2 6.2 + 3 
Mn- 54 3.1 + 2 7.7 + 3 
Fe- 55 9.9 + 2 2.4 + 3 
CO- 58 7.1 + 1 3.2 + 4 
. (I H a l f - l i v e s  f rom Kocher, 1977. 
b ~ e a d  as 2.1 x 10'. 
C Read as 8.1 x 10". 
sources; if p r i m a r i l y  on ex terna l  surfaces o f  t h i c k  scrap pieces, we 
might  underest imate doses. The magnitude o f  these e f f e c t s  w i l l  depend 
on t h e  k inds  and energies o f  r a d i a t i o n s  present.  As examples, we 
c a l c u l a t e d  the  r e l a t i v e  exposures f o r  equal amounts o f  f o u r  rad io -  
nuc l i des  a t  a common d is tance (1 m) f o r  t he  f o l l o w i n g  th ree  geometric . 
c lasses : 
(1)  "Surface" geometries consisted o f  one 10-cm-diam 10-cm-thick 
copper wafer, two 5-cm-thick stacked wafers, f i v a  2-em-thick 
stacked wafers, t e n  1-cm-thick wafers and twenty 0.5-cm-thick 
wafers. I n  each case the  t o t a l  contaminat ion was constant  and 
e q u a l l y  d i s t r i b u t e d  over t h e  f l a t  surfaces. 
(2)  "Volume" geometries consisted o f  e i t h e r  one 10-cm-diam 
10-cm-thick c y l i n d e r  o r  twenty 0.5-cm-thick stacked cy l i nde rs .  
I n  each case the  contaminat ion was homogeneous w i t h  t o t a l  
equal t o  t h a t  f o r  sur face contaminat ion. 
(3 )  A "sandwich" geometry (which i s  an approxima.l;.ion t o  i n t e r i o r -  
contaminat ion such as i n  a p ipe)  cons is ted  o f  two 5-cm-thick, 
stacked cy l i nde rs ,  w i t h  a l l  t h e  contaminat ion on the  two 
i n t e r i o r  surfaces. 
The r e s u l t s  a r e  shnwn i n  Table 6. Values fo r  t h e  volume geometry 
l i e  between those f o r  t he  o the r  geometries. For energet ic  gamma 
r a d i a t i o n s  (e.g., those from "Co) t h e  d j f f e rences  between the  
assumptions a re  small ,  b u t  f o r  low-energy r a d i a t i o n s  the  d i f f e rences  
a r e  l a rge .  
For our c a l c u l a t i o n s  of exposures from contaminated slag, we have 
assumed t h e  s lagg ing agents t o  be 1% o f  t h e  scrap i n p u t  t o  the  furnace. 
Table 6. Comparison o f  doses f rom mu1 t i p l e  laminar  surface 
contaminat ion vs volume contaminat ion 
( ~ o r m a l  i z a t i o n  i s  t o  t h e  case we gene ra l l y  assume, i .e., s i n g l e  
c y l  i nde r  w i  t h  homogeneous contaminat ion throughout)  
a ~ . ~ .  = e l e c t r o n  capture  
Source geometry 
Number Number 
o f o f  
Class p ieces sur faces 




2 0 21 
Vo 1 ume 1 
20 
Sandwich 2 1 
R e l a t i v e  doses f o r  constant  amounts 
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Th is  va lue  seems t o  be a t  o r  below the  l e v e l  p r e f e r r e d  f o r  removal o f  
i m p u r i t i e s  and i n  t he  lower p a r t  o f  t he  range o f  concent ra t ions  used i n  
c u r r e n t  smel t ing  p r a c t i c e  ( p r i v a t e  conversat ions w i t h  J. H. Cavendish 
and B. Emison, bo th  o f  NLO). We a l s o  assume t h a t  the  s lag  removed from 
t h e  furnace conta ins  a l l  t h e  s lagging agents and none o f  the  i r o n .  I f  
h igher  concent ra t ions  o f  s lagg ing  agents are .used o r  i f  some i r o n  goes 
w i t h  the  s lag,  t h e r e  w i l l  be more r a d i a t i o n  absorbed i n  and hence l e s s  
exposure f rom t h e  s l a g  sources. These cons idera t ions  have 1 i tt l  e  e f f e c t  
on dose f a c t o r s  f o r  t h e  product .  
I n  cons ide r ing  s h i e l d i n g  e f f e c t s ,  we have ignored i l l - d e f i n e d  o r  
u n c e r t a i n  s h i e l d s  such as a  crane between worker and source.' The 
we l l -de f ined,  "guaranteed" sh ie lds  t h a t  we have inc luded a re  g iven i n  
Table 7. we have a l s o  i nc luded  s h i e l d i n g  by a i r  w i t h  a  d e n s i t y  of 
1  mg/cm3. For s e l  f - s h i e l d i n g  and bremsstrahlung product ion  i n  t h e  
sources, we have assumed t h a t  the  d e n s i t i e s  a r e  as p r e v i o u s l y  s ta ted  
and t h a t  t he  e f f e c t i v e  atomic number i s  26 ( i .e . ,  i r o n )  f o r  t he  scrap 
and product  and 13 ( i  .e., aluminum) f o r  t he  s lag.  
We have employed a l l  t h e  f a c t o r s  i n  modeling workers '  ex te rna l  
exposures f o r  i n p u t  t o  t h e  CONDOS computer code. Table 8 g ives  
de ta i l ed ,  t y p i c a l  r e s u l t s  o f  dose est imates f o r  scrap d r i e r s  who engage 
f o r  1  yea r  i n  two opera t ions  ( s i z i n g  scrap and scrap d r y i n g ) .  The 
contaminat ion ' level was taken as 1 ppm o f  "U p l u s  daughters i n  metal  
scrap, s lag ,  and product  meta l .  From s i m i l a r  c a l c u l a t i o n s  f o r  t he  30 
rad ionuc l  i d e s  and e i g h t  r o u t i n e  worker groups considered, smel ter-  
des ign -spec i f i c  t a b l e s  o f  dose conversion f a c t o r s  were assembled f o r  
scrap metal  sources, f o r  s l a g  sources, and f o r  product  metal  sources. 
Table 7. Assigned spec i f i c  shielding 
- -  ~ - -  - -  - - 
Source Thickness Density 
o r  worker Material (4 (g/cm3) Remarks 
Scrap d r i e r  
Charge bucket 
Slag quench tank 
Lad1 e 
Others 
~ r awl ' e r  crane 
opera t o r s  
~ m e l  t e r  crane 
opera t o r s  
Furnace opera t o r  
A .  Shielding fo r  sources 
Concrete 6 2 
Iron 1 7.8 
Iron . 1 7.8 
Concrete 15 2 
Iron 2.5 7 .8  
Water 50 1 
Iron 0.5 7.8 
Iron 1 7.8 
B. Shielding f o r  various workers 
Glass 1 4 
Glass 1 4 
Luci t e  1 1 
Concrete assumed 
in place of 
ceramic 
Concrete assumed 
in place of 
ceramic 
Cab pa r t l y  g lass  
pa r t l y  iron 
Cab pa r t l y  g lass  
pa r t l y  iron 
Others 0 
Tab le  8. Whole-body dose f a c t o r s  f o r  scrap d r i e r s  work ing  f o r  1  yea r  
i n  t h e  p o r t a b l e  sme l t e r  w i t h  scrap, s l a g  and 
product ,  each contaminated w i t h  1  ppm o f  U-238. 
( I n  m i l l i r e m )  
I I 
Kind  o f  source 
Scrap 
Source I Ex te rna l  d i r e c t  doses f rom 
Scrap p i l e  
To te  box 
Sk ip  h o i s t  
Recei v i  ng pan 
D r i e r  
Charge bucke t  
Furnace 
Scrap b u r n - o f f  
S i z i n g  scrap 
2.1 - 4" 
2.3 - 4 
8 .8  - 4 
3.5.-  6 
2 . 1  - 6 
8 .2  - 7 
1 . 5  ,- 7 
2.3 - 4 
Dry ing  scrap 
3.2 - 3 
5 .9  - 4 
9.2 - 4 
9 .2  - 4 
1 . 5  - 3 
.I . 9  - 4 
8 i 3  - 6; 
8 .3  - 5 
Slag  
To ta l  
To ta l  f o r  s l a g  
Lad1 e  
Pour ing  s tand  
Pigs c o o l i n g  
P.i y y  i r ~ g  rl.~act~.itie 
Stack i r ly  p i y s  
T o t a l  f o r  scrap 
Quench t ank  
Temporary s to rage  
Semipermanent 
s to rage  
8 . 5  - 5 
1 .0  - 7 
2.4 - 7 
2.7 - 7 
To ta l  f o r  p roduc t  
1.6 - 3 
8 . 8  - 7 
5.4 - 5 
3.0 - 5 
7.4 - 3 
8.9 - 5 
4.2 - 3 .  
4.5 - 4 
a Read as 2.1 x 
6.1 - 7 3 . 9 - 5 .  3 . 9 - 5  
The dose convers ion f a c t o r s  a re  g iven  i n  Tables 9, 10, and 11, t h e  
i n d i v i d u a l  e n t r i e s  o f  which correspond t o  t h e  t o t a l  values g iven  i n  
Table 8. These t a b u l a r  values i n c l u d e  major  c o n t r i b u t i o n s  f rom scrap 
and s lag  b u t  exclude product  sources ex te rna l  t o  t h e  smel ter  b u i l d i n g .  
Teble 9. I n d i v i d u z l  whole-body e x t e r n a l  doses (rem) f o r  1 y e a r ' s  wcrk a t  the srn?l ter 
w i t h  1 ppm c f  va r i ous  rad ionuc l  ides i n  scrap metall 
































va lues f o r  
'Read as 5.4 x lo-'. 
'Read as 7.4 x l o 6 .  
ko rke rs  
- Average 
Crawler Smelter 
c rane Fork1 i f t  Furnace crane P i g  Pourer Scr3p U t i l i t y  
0pera;ors o p e n t o r s a  ope ra to rs  ope ra to rs  s tackers  hookers d r i  2-s 
i Er 
workers I workers 
3.8 - 3 
4 . 7 + 6  
2.8 + 6 
5 . 4 - 3 '  
7 . 4 + 6 '  
4 . 0 + 6  
2.7 - 3 
3.6 + 6 
2 . 0 + 6  
1 -  
1 . 7 + 7  
4 . 4 t 7  
<1-20 
2 . 1 + 6  
1 . 4 - 3  
2 . 8 + 6  
1 . 0 + 5  
1 . 4 + 3  
1 .3  + 5 
3.6 -1 7 
1.7 - 4 
1 .0  4 7 
4.8 4 5 
5.7 + 2 
3.0 + 4 
1 . 4 f 6  
3.5 + 4 
1.2 + 5 
1 .1  
1 .6  - 4 
2.1 - 5 
1.1 - 4 
6.2 - 2 
5.9 - 6 
2 . 2 - 4  
9.5 - 1 
4 . 3 - 3  
4 . 1 + 6  
2 . 3 + 6  
f o r t l i f t  ope ra to rs  dc n o t  i n c l u d e  3.5 h r / s h i f t  which they spend i n  " se rv i c ing . "  
4 - 2 0  
8 . 2 + 6  
2 . 2 + 7  
<1-20 
1 . 0 + 6  
7 . 9 - 4  
1 . 4 + 6  
4.9 + 4 
7.0 + 2 
6.4 + 4 
1 . 7 + 7  
8.5 - 5 
4 . 9 + 6  
2 . 3 + 5  
3 . 1 + 2  
1 . 5 + 4  
6.6 + 5 
1 . 7 + 4  
5.8 + 4 
5.6 - 1 
7.9 - 5 
1 . 0 - 5  
5.4 - 5 
3.0 - 2 
2 . 3 - 6  
1 . 1 - 4  
5.0 - 1 
2 . 6 - 3  
3 . 4 + 6  
1 . 8 + 6  
2.2 - 3 
2.4 + 6 
1 . 3 + 6  
1 .I) 
1 . 1 + 7  
2 . 7 + 7  
5 .1  - 5 
1 . 3 + 6  
3 . . 5 - 3  
1 . 7 + 6  
6 . 3 + 4  
8 . 3 + 2  
8.1 + 4 
2.! + 7 
1.2 - 4 
6.2 + 6 
3.0 + 5 
3 .0  + 3 
1 . 9  + 4 
8 . 3 + 5  
2 .2  + 4 
7..3 + 4 
1 . O  
9.' - 5 
2 .3  - 5 
7.- - 5 
3 .9  - 2 
3. '  - 6 
1 9 - 4  
9.3 - 1 
2.4 - 6 
7 . 7 + 6  
2 . 0 +  7 
9.9 - 11 
9 . 6 + 5  
1 . 4 -  3 
1 . 3 + 6  
4 . 6 + 4  
6 . 5 + 2  
5.9 + 4 
1.6 + 7 
7.6 - 5 
4.6 + 6 
2.2 + 5 
1 .3  + 3 
1.4 + 4 
6 . 2 + 5  
1.6 + 4 
5.4 + 4 
5.5 - 1 
7.4 - 5 
9.3 - 6 
4.9 - 5 
2.8 - 2 
2.7 - 6 
9 . 2 - 5  
5.0 - 1 
6.1 - 8 
5 . 5 + 6  
1 . 4 +  7 
2.5 - 12 
6 . 8 + 5  
1 . 2 -  3 
9 . 0 + 5  
3.3 + 4 
4.7 + 2 
4.3 + 4 
1 . 2 + 7  
6.0 - 5 
3 . 3 + 6  
1 . 6 + 5  
1 . 0 + 3  
9 . 8 + 3  
4.4 + 5 
1 . 2 + 4  
3.9 + 4 
4.5 - 1 
5.2 - 5 
7 . 7 - 6  
3.6 - 5 
2.0 - 2 
1 . 9 - 6  
7 . 6 - 5  
4.3 - 1 
3.0 - 3 
3 . 7 + 6  
2.0 + 6 
6 . 7 - 5  
8.4 + 6 
2 . 2 + 7  
2.8 - 9 
1 . 0 + 6  
1 . 7 - 3  
1 . 4 + 6  
5.0 + 4 
7.1 + 2 
6.5 + 4 
1 .8  + 7 
8 .6  - 5 
5.1 + 6 
2.4 + 5 
1 .5  + 3 
1.5 + 4 
6.8 + 5 
1 .8  + 4 
6.0 + 4 
6.3 - 1 
8 . 1 - 5  
1 . 1 - 5  
5.4 - 5 
3 . 1 - 2  
3.0 - 6 
1 . 1 - 4  
5.8 - 1 
1 .0  - 2 
1 . 1 + 7  
6.0 + 6 
4.6 - 3 
5 . 0 + 6  
2.7 + 6 
1.7 
2.5 + 7 
6 . 6 + 7  
7.0 - 5 
3 . 1 + 6  
6 . 9 - 3  
4 . 1 + 6  
1 .5  + 5 
2.2 + 3 
2.0 + 5 
5.3 + 7 
2 .8  - 4 
1.5 + 7 
7.3 + 5 
5.9 + 3 
4.6 + 4 
2.0 + 6 
5.3 + 4 
1 .8  + 5 
2.1 
2 . 4 - 4  
4 . 5 - 5  
1.7 - 4 
9 . 5 - 2  
9.0 - 6 
3 . 8 - 4  
1.9 
3.4 - 1 4.7 - 1 
1.1 + 7 ! 1 .1  + 7 
3 . 0 + 7  
1.4 - 5 
1 . 4 + 6  
2 . 9 + 7  
1.9 - 5 
1 . 4 + 6  
2 . 9 - 3  1 2 . 5 - 3  
1 . 3 + 6  1 . 8 + 6  
I 
6.9 + 4 6.6 + 4 
9.7 + 2 1 9.4 + 2 
8.9 + 4 1 8.6 + 4 
2.4 + 7 
1 .3  - 4 
6.9 + 6 
3.3 + 5 
2.5 + 3 
2.1 + 4 
9.2 + 5 
2.4 + 4 
8.1 + 4 
9.5 - 1 
1 . 1 - 4  
1 . 8 - 5  
7.5 - 5 
4 . 2 - 2  
4.0 - 6 
1 . 7 - 4  
8 .9  - 1 
2.3 + 7 
1.2 - 4 
6.6 + 6 
3.2 + 5 
2.0 + 3 
3.8 + 4 
8.8 + 5 
2 .3  + 4 
' 7.8 + 4 
8.9 - 1 
1 . 0 - 4  
1 . 8 - 5  
7 .3  - 5 
4 . 1 - 2  
3.9 - 6 
1 . 6 - 4  
8 .1  - 1 
Table 10. I n d i v i d u a l  whole-body ex te rna l  doses (rem) f o r  1 y e a r ' s  work a t  t he  smelter 
. .  ... w i t h  1 ppm o f  var ious rad ionuc l i des  i n  s l a g  
'values f o r  f o r k 1  i f t  operators  do. n o t  i n c l u d e  3.5 h r / s h i f t  which thev soend i n  " se rv i c ina . "  
b ~ e a d  as 3.6 x 
C Read as 1.2 x l o 6 .  































,. -- - . - - . . 
Averaqe 
f o r  
30 
workers 
1 . 3 - 2  
4.0 + 6 
2.2 + 6 
5.5 
9.3 + 6 
2.4 + 7 
2.3 - 4 
1.1 + 6 
1.1 - 2 
1.5 + 6 
3.9 + 4 
4.9 + 2 
5.8 + 4 
2.0 + 7 
2.2 - 4 
5.7 + 6 
2.6 + 5 
1 . 9 + 4  
2.1 + 4 
7.5 + 5 
2.0 + 4 
7.0 + 4 
2.7 
9 . 2 - 5  
1 . 2 - 4  
1 . 2 - 4  
4.8 - 2 
2.9 - 6 





Crawler Smel t e r  
c rane Fork1 i f t  Furnace crane i g Pourer Scrap U t i l i t y  
ope ra to rs ,  operators" operators  ope ra to rs  s tackers  hookers d r i e r s  workers 
3.6 - jb 
1.2 + 6' 
6 . 8 + 5  . 
5.9 - 7 
2.9 + 6 
7 . 4 +  6 
2.4 - 11 
3.5 + 5 
2.3 - 4 
4.6 + 5 
1 . 2 + 4  
1.5 + 2 
1.8 + 4 
6.0 + 6 
6.6 - 5 
1 .8  + 6 
8.0 + 5 
3.5 + 3 
6.1 + 3 
2.3 + 5 
6.0 + 3 
2.2 + 4 
7 . 5 - 1  
2.9 - 5 
2.4 - 5 
3.7 - 5 
1.5 - 2 
9.0 - 7 
2.2 - 4 
1.9 
3.2 - 2 
1 .8  + 7 
5 . 0 + 6  
2.5 + 1 
2.1 + 7 
5 . 3 + 7  
1 .0  - 3 
2.5 + 6 
3.3 - 2 
3.3 + 6 
8 . 8 + 4  
1.1 + 3 
1.3 + 5 
4.4 + 7 
5.3 - 4 
1 .3  + 7 
5.9 + 5 
5.3 + 4 
4.9 + 4 
1.7 + 6 
4.4 + 4 
1.6 + 5 
6.7 
2.0 - 4 
3.3 - 4 
2.7. - 4 
1.1 - 1 
6.6 - 6 
2.2 - 3 
1.6 + 1 
5.7 - 3 
1 .8  + 6 
1 . 0 + 6  
1.6 - 3 '  
4.2 + 6 
1.1 + 7  
6.4 - 8 
5.1 + 5 
4.3 - 3 
6 .8  + 5 
1 . 8 + 4  
2.2 + 2 
2.6 + 4 
8.3 + 6 
1 .0  - 4 
2.6 + 6 
1.2 + 5 
7.5 + 3 
9.3 + 3 
3.4 + 5 
8.8 + 3 
3.2 + 4 
1.2 
4.2 - 5 
4.0 - 5 
5.5 - 5 
2.2 - 2 
1 .3  - 6 
3.4 - 4 
2.9 
7 . 8 - 3  
3 . 3 + 6  
1.8 + 6 
4.5 - 8 
7.4 + 6 
2.0 + 7 
1 . 8 - 1 2  
9.2 + 5 
3.8 - 3 
1 . 2 +  6 
3.1 + 4 
3 . 9 + 2  
3 . 6 + 4  
1 . 6 + 7  
1 . 6 - 4  
4.6 + 6 
2.1 + 5 
4.2 + 3 
1 . 5 + 4  
6 . 0 + 5  
1.6 + 4 
5 . 6 + 4  
1.6 
7.6 - 5 
5.8 - 5 
9 . 7 - 5  
3.9 - 2 
2.3 - 6 
5.6 - 4 
3.8 . 
3 . 1 - 3  
1 . 0 + 6  
5.8 + 5 
9.4 - 5 
2.4 + 6 
6.2 + 6 
3 . 8 - 9  
2.9. + 5 
2.3 - 3 
3 . 9 + 5  
1 .0  + 4 
1 . 3 + 2  
1 . 5 + 4  
5 . 1 + 6  
5 . 7 - 5  
1.5 + 6 
6.7 + 4 
3.8 + 3 
5 . 2 + 3  
1 . 9 + 5  
5.0 + 3 
l . E . + 4  
6.6 - 1 
2.4 - 5 
2.2 - 5 
3 . 1 - 5  
1.2 - 2 
7.5 - 7 
3.8 - 4 
1 .6  
1 . 0 - 2  
4.1 '+ 6 
2.2 + 6 
3.2 - 1 
9 .3  + 6 
2.5 + 7 
1 .3  - 5 
1.2 + 6 
7.3 - 3 
1.5 + 6 
3.9 + 4 . 
4.9 + 2 
5.8 + 4 
2.0 + 7 
2.0 - 4 
5.7 + 6 
2.6 + 5 
1 . 3 + 4  
2 .0  + 4 
7.5 + 5 
2.0 + 4 
7.1 + 4 
2.1 
9 . 7 - 5  
8 . 5 - 5  
1 . 2 - 4  
4 .7  - 2 
2.9 - 6 
7 .5  - 4 
4.5 
2 . 2 - 2  
6.5 + 6 
3.6 + 6 
4.2 
1.5 + 7 
3.9 + 7 
1.7 - 4 
1.8 + 6 
2.0 - 2 
2.4 + 6 
6.4 + 4 
8.0 + 2 
9.4 + 4 
3.2 + 7 
3.8 - 4 
9.4 + 6 
4.3 + 5 
3 . 4 + 4  
3.5 + 4 
1.2 + 6 
3.2 + 4 
1.1 + 5 
4.5 
1 . 5 - 4  
2 . 0 - 4  
2 . 0 - 4  
7.8 -- 2 
4.8 - 6 
1.4 - 6 
1.1 + 1 
8 . 7 - 3  
3.4 + 6 
1 .8  + 6 
2.2 - 1 
7.6 + 6 
2.0 + 7 
8.9 - 6 
9 .5  + 5 
6.3 - 3 
1.2 + 6 
3.2 + 4 
4.0 + 2 
4.7 + 4 
1 .6  + 7 
1.7 - 4 
4.7 + 6 
2.1 + 5 
1 . 1 + 4  
1.6 + 4 
6.1 + 5 
1 .6  + 4 
5.8 + 4 
1 .8  
7 . 8 - 5  
7 . 1 - 5  
1 . 0 - 4  
3.9 - 2 
2.4 - 6 
6.1 - 4 
3.9 
Table 11. I n d i v i d u a l  whole-body e x t e r n s l  doses (rern) f o r  1 y e a r ' s  .work a t  t h e  s n p l t e r  
w i t h  1 ppm o f  v a r i o u j  rad ionuc l i des  i n  product  r rLater ia l  
I
.- - -- -- - -- 
Aorkers I 
Nucl i d e  
a Values f o r  f o r k l i l f t  operators ,  do n o t  i n c l u d e  3.5 h r / s h l f t  which thev mend  i n  "servicin-I."' 
bl?ead as 1.1 x lo- ' .  































Crawler Smel t e r  
crane Fo-kl  i ft Furnace c rane  P i g  Pourer Sc-a:, U t i l i t y  
ope ra to rs  opeaators" ope ra to rs  operatcws s tackers  hookers d r i e - s  workers 
Averaqe 
f o r  30 
workers 
1 .0  - 3 
9.7 + 5 
5.4 + 5 
6.4 - 1 
2.3 + 6 
5.7 + 6 
8.7 + 5 
2.7 + 5 
8.6 - 4 
3.7 + 5 
1.4 + 4 
1.9 + 2 
1.7 + 4 
4.7 + 6 
2.6 - 5 
1.4 + 6 
6.5 + 4 
6.4 + 2 
4.1 + 3 
2.2 + 5 
4.6 + 3 
1.6 + 4 
2.1 - 1 
2.1 - 5 
5.4 - 6 
1.5 - 5 
8.4 - 3 
7 .0 . -  7 
4.2 - 5 
1.9 - 1 
1.1 - E~ 
1.2 + 4' 
6.8 .+ C 
1.3  - E. 
2.8 + 4 
7 . 3 +  4 
5.3 - l I 3  
3.5, + 3 
6.2: - 6 
4.6. + 3 
1 .7 '+  5 
2.4 
2.2' + i 
6 . 0 + 4  
3 . 0 - 7  
1 . 7 ' +  4 
8 . 0  + i 
5.5 
5.01 + 1 
2.3. + 2 
. 5 .9 '+  1 
2.01 + 5 
2.3, - C 
2..7 - 7 
3.9 - €, 
1.8, - 7 
1 . 0  - 4 
9.9 - S 
3.8, - 7 
2.2 - 2. 
2.5 - 4 
4.0 + 5 
2.2 + 5 
<1-20 
9.2 + 5 
2 . 4 + 6  
<1-20 
1.1 + 5 
7.6 - 5 
1.5 + 5 
5.4 + 3 
7 .7  + 1 
7.0 + 3 
2 . 0 + 6  
8 . 5 - 6  
5.5 + 5 
2.6 + 4 
3.6 + 1 
1.6 + 3 
7.4 + 4 1 
2.6 - 4 
2.6 + 5 
1.5  + 5 
7.5 - 2 
0.1  + 5 
1 . 6 + 6  
3.1 - 6 
7.4 + 4 
5.0 - 4 
0.9 + 4 
3.6 + 3 
5.2 + 1 
4.7 + 3 
1 . 3 + 6  
6 . 8 - 6  
3.6 + 5 
1.7  + 4 
1.6 + 2 
1.1  + 3 
4.9 + 4 
1.3 + 3 
4.3 + 3 
En.4 - 2 
2.7 - 6 
1 .3  - 6 
4.0 - 6 
2.2 - 3 
5.1 - 7 
1 .0  - 5 
4.9 - 2 
2.4 - l 
2.7 + 5 
1 . 5 + 5  
(1-20' 
6 .3  + 3 
1 . 6 + 5  
<I-201 
7.6 + 1 
8.0 - 5 
1 . 0 + 5  
3.9 + 3 
5.4 + 1 
4.9 + 3 
1 . 3 + 5  
7.4 - 5 
3 . 8 + 5  
1 . 8 + 1  
3.6 + 1 
1 . 1 + 3  
5.0 + 1 
3.3 - 3 
3.1 + 6 
1 . 7 + 6  
2.3 - 0 
7.2 + 6 
1 . 8 + 7  
3.3 - 5 
8.7 + 5 
2.9 - 3 
1 . 2 + 6  
4.3 + 4 
' 6.1 + 2 
5.6 + 4 
1 . 5 + 7  
8.4 - 5 
4 . 3 + 6  
2 . 1 + 5  
2.1 + 3 
1 . 3 + 4  
7.8 + 5 
1.9 + 3 : 1 .3  + 3 1.5 + 4 
5.0 + 4 
6.9 - 1 
6.7 - 5 
1.8 - 5 
4.8 - 5 
2 .7 , -  2 
2.5 - 6 
1 . 4 - 4  
. 6.2 - 1 
6.4 + 3 ' 
5.2 - 2 
8.7 - 6 
9.4 - 7 
5.8 - 6 
3.3 - 3 
3.2 - 7 
9 .9  - 6 
4.4 - 2 
1 . 1 - 3  
1 . 1 + 6  
6.2 + 5 
4 . 2 - 1  
2 . 6 + 6  
6.7 + 6 
1.7 - 5 
3 . 1 + 5  
8.3 - 4 
4 . 2 + 5  
1 . 6 + 4  
2.2. + 2 
2.0 + 4 
5.5 + 6 
2 . 9 - 5  
1 . 6 + 6  
7.4 + 4 
6 . 7 + 2  
4.7 + 3 
2.1 + 5 
4.5 + 3 
5.0 - 2 
5.9 - 6 
9.1 - 7 
4.5 - 6 
2.4 - 3 
2.2 - 7 
9 . 5 - 6  
4.6 - 2 
5.4 + 3 
1.8 + 4 
2.2 - 1 
2 . 4 - 5  
5.5 - 6 
1.7 - 5 
9.6 - 3 
9.1 - 7 
4 . 3 - 5  
2.0 - 1 
3 . 3 - 5  
4 . 9 + 4  
2.7 + 4 
3 . 1 - 5  
1 . 1 + 5  
2.9 + 5 
1.3 - 9 
1 . 4 + 4  
1.9 - 5 
1 . 9 + 4  
6 . 5 + 2  
9.5 
8.6 + 2 
2.4 + S 
1 . 0 - 6  
6 . 8 ' 1 4  
3.2 + 3 
1 . 7 + 1  
2.0 + 2 
9.1 + 3 
1.3 - 3 
1.1 + 6 
6.2 + 5 
1.2 
2.6 + 6 
6.7 + 6 
5.0 - 5 
3.1 + 5 
1.4 - 3 
4.2 + 5 
1.8 + 4 
2.2 + 2 
2.0 + 4 
5.5 + 6 
3.0 - 5 
1.6 + 6 
7.4 + 4 
1.1 + 3 
4.8 + 3 
2.1 + 5 
2.4 + 2 
7.8 + 2 
6 .8  - 3 
1 . 1 - 6  
1.2 - 7 
7.0 - 7 
4.1 - 4 
3.9 - 8 
1 . 2 - 6  , 
5.8 - 3 
5.4 + 3 
1 . 8 +  4 
2.7 - 1 
2.4 - 5 
7.8 - 6 
1.7 - 5 
9.6 - 3 
9.1 - 7 
5 . 2 - 5  
2.4 - 1 
3. DOSE FACTORS FOR ROUTINE INTERNAL EXPOSURES 
As a reference level for computing and compiling dose factors for 
routine inhalation of radionuclides, we have taken the airborne 
concentration of iron oxides to be 5 mg/m3, which is the chronic TLV 
recommended by the American conference of Governmental Industrial 
Hygienists (1976). Other TLVs would apply for the smelting of other 
metals. 
From a review of the literature on measured levels of airborne 
iron oxides, we conclude that one TLV is a reasonable, generally 
conservative value to assume in the absence of actual measurements. 
Substantial variations in airborne particulate concentrations are 
expected at various locations in a smelter facility. 
For each radionuclide, we have listed in successive columns of 
Table 12 dose factors for: (1) inhalation (50-year dose commitments), 
(2) immersion (doses), and (3) ingestion (50-year dose commitments) . 
Considerations on which these values are based are given throughout 
Section 3. 
3.1 Airborne Enri ssions from Secondary Iron 
and Steel Smelting 
3. J .1 Information retrieval 
Information retrieval sources used in the search for airborne 
emission data suitable to calculate air concentrations of contaminated 
metal included formal literature searches and extensive telephone 
communications with government agencies. Agencies contacted are: 1 i sted 
in Table 13. : 
Table 12. Immersion doses (rem) from photons t o  whole body 
r e s u l t i n g  from 1 y e a r ' s  work i n  smel ter  b u i l d i n g  and 
50-year dose commitments (rem) t o  whole body from 
i n h a l a t i o n  and i n g e s t i o n  du r i ng  1 work year  
Values a re  based on assuming 5 mg/m3 o f  a i rbo rne  Fe203 
p a r t i c u l a t e s  contaminated w i t h  1 ppm o f  var ious  
rad ionuc l i des  and assuming i n g e s t i o n  o f  1 g / y r  
o f  d u s t  ( 4  g/cm3) contaminated w i t h  
1 ppm o f  rad ionuc l i des  











R~I- '1 07 
Ru- 106 
Te- 1 25m 
Te-127m 
CS- 1 34 
Cs-137 
Ce- 1 44 









a Read as 1.7 x 1 o - ~ .  
b ~ e a d  as 7.5 x l o 2 .  
Table 13. Agencies and assoc ia t ions  contacted du r i ng  search f o r  exposure data 
- - - - - . - . 
Federal S ta te  and l o c a l  I n d u s t r i a l  f i rms  and 
agencies agencies assoc ia t ions  
O f f i c e  o f  Deputy D i r e c t o r  
Na t iona l  I n s t i t u t e  o f  Occupation- 
a l  Sa fe ty  and Heal th  (NIOSH) 
Rockv i l l e ,  Md. 20850 
I n d u s t r i a l  Hygiene Sect ion 
NIOSH 
Robert A. T a f t  Labora to r ies  
4676 G l l  umbi a Parkway 
C i n c i n i a t i ,  Ohio 45226 
D i v i s i o n  o f  Federal Compl iance 
and S ta te  Programs 
Occupational Sa fe ty  and Hea l th  
Adm in i s t r a t i on  (OSHA) 
Washington, D.C.  20006 
O f f i c e  o f  A i r  Q u a l i t y  P lanning 
and Standards 
Environmental P ro tec t i on  Agsncy 
Researclh T r i a n g l e  Park, N. C. 27709 
D i v i s i c n  o f  Sa fe ty  
Di  v i s i c n  o f  Occupat ional Hea l th  
Programming 
OSHA 
Washington, D.C. 20006 
.. 
~ a t i o n a l ~ ~ ~ ~ ~ a s - i  s Program 
Coord ina t ion  Center 
Foundry Program 
OSHA 
'Washingkon, D. C .  20006 
Department o f  A i r  P o l l u t i o n  Contro l  
o f  Knox County 
Bldg. " C "  
C i t y  H a l l  Park 
307 Locust S t .  
Knoxv i l l e ,  Tenn. 37902 , 
D i v i s i o n  o f  A i r  Pol 1 u t i o n  
Contro l  
Bureau o f  Environmental 
Heal th  Services 
Tennessee Department o f  Pub l i c  Hea l th  
Cordel 1 H u l l  Bui  1 d i ng  
Nashvi 1 l e ,  Tenn. 3721 9 
O f f i c e  o f  Sa fe ty  and 
Heal th  D i r e c t o r  
American Foundrymen ' s 
Soc ie ty  
G o l f  and Wolf Roads 
Des Pla ines,  111. 60016 
Obenchai n Corp. 
Calumet D i v i s i o n  
6911 W. Chicago Ave. 
'Gary, Ind. 46406 
L i t e r a t u r e  searches were performed by t h e  ORNL Eco log ica l  Sciences 
I n f o r m a t i o n  Center and t h e  In fo rma t ion  Re t r i eva l  and Ana lys is  Sect ion of 
t h e  NIOSH ~ l e a ' r i n ~ h o u s e  f o r  Occupational Safe ty  and Hea l th  In fo rma t ion  
i n  C i n c i n n a t i  (Robert  A.  T a f t  Laborator ies,  4676 Columbia Parkway, . 
C i n c i n n a t i ,  Ohio 45226). Data bases searched by the  Eco log ica l  
Sciences In fo rma t ion  Center inc luded B i o l o g i c a l  Abstracts,  Bio-Research 
Index, Government Report Announcements, ERDA Energy Database, Chemical 
Abs t rac ts ,  arid Nuclear  Sc ie r~ce Abst rac ts  s ince  1970. Thc N IOSH search 
covered NIOSHTIC ( t h e  NIOSH data base) from 1925 t o  the  present  t ime. 
Our a t t e n t i o n  was brought  t o  several use fu l  re fe rence works by 
t h e  telephone campaign. However, our p r i n c i p a l  i n t e r e s t  was (and s t i  11 
i s )  i n  l o c a t i n g  f i e l d  mon i to r i ng  data .from a c t i v e  reprocessing 
i n d u s t r i e s .  To date, we have been o n l y  p a r t l y  successfu l .  
3.1.2 D e s c r i p t i o n  o f  a v a i l a b l e  exposure data 
C o l l e c t i o n  o f  da ta  was organized around the  f l o w  o t  scrap meta l  
through the  proposed reprocessing f a c i  'I i ty. A1 1 smel t l n g  Inforaial;~iur~ 
conta ined i n  Table 14 p e r t a i n s  t o  e l e c t r i c  a rc  o r  i n d u c t i o n  furnaces. 
A v a i l a b l e  spec i f i cs  o f  furnace opera t ion  ( type,  s i z e  of charge, s tack 
gas volume, e t c . )  a r e  i nc luded  i n  the  t e x t  f o r  each s tep  of t h e  process. 
3.1.2.1 M a t e r i a l  p repa ra t i on  
3.1.2.1.1 Sizing. The c u t t i n g  o r  shearing of metal  scrap t o  the  
46-cm by 61-cm maximum dimensions necessary f o r  processing w i l l  be 
l a r g e l y  completed p r i o r  t o  a r r i v a l  o f  scrap a t  t he  smel ter  s i t e .  
However, some a d d i t i o n a l  s i z i n g  may be needed on overs ize  o r  awkwardly 
shaped pieces. A v a i l a b l e  in fo rmat ion  on personnel exposure t o  weld ing 
Table 14. Summary of a i rborne emissions from secondarv i r o n  o r  steel .  reDrocessina bv e l e c t r i c  a rc  o r  indlcct inn fllrnac-~ 
Approximate measured values 
Smelt ing opera t ion  
and l o c a t i o n  
Ma te r i a l  p repara t ion  
S i z ing  
Drying 
Smel t i t i g  and r e f i n i n g  
Charging 
Breathing zone 
Workroom a i r  
Smelt ing 
Slagging 
Pouring and cas t i ng  
Pouring 
Breathing zone 
Workroom a i r  
Mol d i  nq 
General foundry a i r  
General ized smelter  discharge 
Par t i cu la tes  (Fe203) R a d i o a c t i v i t y  
p a r t i c l e b  I dpm/m31 M P C ~  
I 
a We take TLV as 5 mg/m" thus a measured value o f  4 .2  mq/m3 = 0.84 TLV. 
b~ quest ion  mark i n  t h i s  column ind i ca tes  an uncer ta in  p a r t i c l e  assignment. 
Remarks 
Source te rm 9 500 dpm/cm2 




Source te rm 9 500 dpm/cm2 
Radi um contaminat ion 
Uranium daughters 
Tc-99 





K l e i n f e l d  e t  a l . ,  1969 
K l e i n f e l d  e t  a l . ,  1969 
Davis e t  a l . ,  1957 
McLendon, 1958 
Kotz in ,  1972 
McLendon, 1958, 1960 







Davis e t  a l . ,  1957 
Starkey e t  a l . ,  19GO 
Starkey e t  a1 . , 1960 
Starkey e t  a l . ,  1961 
McLendon, 1958, 1960 










Starkey e t  a1 . , 1960 
F i r s t  and Dr inker ,  1952 
Starkey e t  a l . ,  1961 
Rates  and Scheel . 1974 
Bates and Scheel , 1974 
Loquercio e t  a l . ,  1971 
USEPA, 1973 
Vandegr i f t  e t  a1 . , 1971 
0 These MPC (maximum permiss ib le  concent ra t ions)  uri i ' ts are  i u r  uccupdt ional  workers : 
f o r  alphas from na tu ra l  uranium, we take the  MPC value as 6 x l o - "  pCi/cm3 o r  1 a-dpm/m3 = 0.0078 MPC (NCRP, 1959); 
f o r  betas from uranium daughters, we take the  maximum as 66,000 dpm/m3 (Davis, 1977) ; 
f o r  betas from "Tc, we take the  MPC as 6 x lo - '  pCi/cm3 o r  1 dpm = 7.5 x MPC (NCRP, 1959); 
for alphas from ' "~a ,  we take the  MPC as 5 10'" uCi/ln3 (NCRP, 1959, 19G3). 
d 
Read as 4 x lo-'+. 
fumes inc luded l i t e r a t u r e  values fo r  a rc  welders, f lame c u t t e r s ,  and 
operators of a rc  a i r  and powder-burning equipment. 
By mon i to r i ng  a i r  w i t h i n  welding hoods, b reath ing  zone concentra- 
t i o n s  o r  r e s p i r a b l e  Fe203 have been determined f o r  s t a i n l e s s  s tee l  a rc  
welders working i n  fume concentrat ions ranging from " l i g h t "  (4.02 t o  
4.41 mg o f  Fe203/m3 a i r )  t o  "heavy" (30.5 t o  33.5 mg o f  Fe203/m3 a i r )  
(Johnson, 1959). . Comparable values o f  0.7 t o  1.7 mg ( ~ e ~ O ~ / r n ~  o f  a i r )  
havc baen found w i t h i n  weld ing hoods du r ing  fahric?t!on o f  s t a i n l e s s  
s t e e l  and b lack  i r o n  ( K l e i n f e l d  e t  a l . ,  1969). Flame c u t t e r s  w i thou t  
s h i e l d s  were exposed t o  3.0 mg o f  o f  a i r  i n  t h e  same study. 
A  s i n g l e  re ference documents a i rbo rne  a c t i v i t y  l e v e l s  a t t a i n e d  
d u r i n g  experimental reprocessing o f  uranium-contaminated s t a i n l e s s  
50,000 dpm) (Davis e t  a1 . , 1957). scrap (su r face  contaminat ion 5 C,,12 
Add i t i ona l  s i z i n g  r e q u i r e d  c u t t i n g  w i t h  acetylene-oxygen torches. By 
averaglng t h e  accumulated a c t i v i t y  found on r e s p i r a t o r  f i l t e r s .  an 
est imated a i rbo rne  a c t i v i t y  of 1 x vCi/cm3 was dctcrmined ( ~ a v i s  
e t  a1 . , 1957). However, no determinat ion was made o f  p a r t i c l e  s i z e  o r  
i d e n t i t y  th rouy hout t h e  experiment. 
3.1.2.1.2 w ' i n g .  The heat ing  of scrap, both t o  d r i v e  o f f  o i l s  
and t o  preheat  the  charge, can produce a i rbo rne  p a r t i c u l a t e s ,  depending 
on t h e  method o f  f i r i n g .  Accor-ding Lu f i yu res  publ ished by the  American 
Foundrymen ' s  Soc ie ty  , a t o p - f  i r e d  d r i e r  can produce 41 1  b/ t o n  o f  product  
p a r t i c u l a t e s  ranging i n  s i z e  hetween O and 20 l~ (Kotz in,  1972). Bottom- 
f i r e d  d r i c r s  a r e  known t o  g i v e  o f f  1.24 l b / t o n  o f  p a r t i c u l a t e s ,  75% o f  
which a r e  between 5  and 60 p i n  s i z e  (Kotzin, 1972). 
2 7 
Experimental reprocessing o f  f e r r o u s  scrap contaminated w i t h  
. 
undetermined q u a n t i t i e s  o f  uranium was performed a t  t h e  Y-12 P l a n t  i n .  
Oak Ridge between 1958 and 1960 (McLendon, 1958). A1 1 premel t metal  
p repara t ions  were inc luded i n  determin ing the  average breathing-zone 
uranium concen t ra t i on  o f  16.8 dpm/m3. No e r r o r  terms were given, 
a l though t h i s  va lue i s  t he  r e s u l t  o f  16 i n d i v i d u a l  samples of 4-min 
du ra t i on .  
Smel t ing and r e f i n i n g  
3.1.2.2.1 Charging. Foundry atmospheres moni tored du r i ng  t h e  
experimental  reprocessing discussed above ranged i n  a c t i v i t y  between 
2 and 18 dpm/m3 (McLendon, 1958, 1960). The minimum values were found 
i n  b rea th ing  zones o f  workers a c t u a l l y  charg ing the  furnace (number o f  
samples, n, = 16; 10-min c o l l e c t i o n )  and i n  a general  foundry a i r  sampled 
9 f t  downwind du r i ng  the  charg ing opera t ion  ( n  = 16, 4-min c o l l e c t i o n ) .  
Samples o f  general  a i r  made on t h e  south s ide  o f  t he  furnace du r i ng  
charg ing equaled 4 dpm/m3 (n = 4, 10-min c o l l e c t i o n )  ; whi le ,  du r i ng  
the  same sampling per iod ,  t h e  maximum o f  18 occurred on t h e  n o r t h  s ide  
Tes t  runs o f  induc t ion- fu rnace smel t ing  o f  contaminated scrap s tee l  
were performed a t  t h e  Union Carbide Paducah f a c i l i t y  i n  September 1977. 
(Scot t ,  1977; Davis, 1977; Conrad, 1977). Breathing-zone and general  
a i r  were moni tored f o r  t o t a l  a- and 6-atmospheric contaminat ion caused 
by uranium, uranium daughters, and "Tc du r i ng  charg ing and pour ing.  
sampling s i t e s  were es tab l i shed  a t  f o u r  l o c a t i o n s :  ( 1 )  6 f t f r o m  the  
furnace l i p  ( a t  t h e  c o n t r o l  pane l ) ,  ( 2  and 3) 20 and 30 f t  n o r t h  o f  
t h e  furnace, r e s p e c t i v e l y ,  and ( 4 )  15 ft west o f  the  furnace. Dur ing 
charg ing  o f  12 tons of scrap, the maximum breathing-zone concentrat ions 
o f  1.6 a-dpm/m3 uranium and 31 6-dpm/m3 of uranium daughters occurred 
a t  s i t e  1. Maximum general -area values o f  0.9 a-dpm/m3 and 44 ~ - d p m / m ~  
were observed 15 ft west of t he  furnace. No e r r o r  terms o r  phys ica l  
c h a r a c t e r i s t i c s  of p a r t i c u l a t e s  f o r  e i t h e r  t he  Y-12 o r  Paducah data were 
a v a i l a b l e .  
Fume concent ra t ions  a v a i l a b l e  from records o f  t he  American 
Foundrymen's Soc ie ty  i n d i c a t e d  t h a t  s i m i l a r  a i rbo rne  emission 
concent ra t ions  occur d u r i n g  preheat d r y i n g  and charging (Kotz in,  1972). 
3.1.2.2.2 SmeZtinq. A l l  a v a i l a b l e  q u a n t i t a t i v e  i n fo rma t ion  on 
fume escape t o  t h e  work area du r ing  a m e l t  i s  t he  r e s u l t  o f  r a d i o l o g i c a l  
mon i to r i ng  du r ing  experimental  reprocessing. No corresponding phys ica l  
c h a r a c t e r i z a t i o n  o f  captured p a r t i c l e s  i s  ava i l ab le .  
Samples o f  t h e  gas stream d i r e c t l y  over a 7-ton top- loading furnace 
d u r i n g  m e l t i n g  o f  uranium-contaminated scrap a t t a i n e d  a maximum 
concen t ra t i on  o f  1 .5 x 1 0 - l o  uCi/cm3 (Davis e t  a1 . , 1957). The area 
immediate ly  surrounding a s i m i l a r  furnace, bottom-charged w i t h  6 t o  7 
tons of baled ferrous m a t e r i a l ,  ranged i n  a c t i v i t y  between 31 and 63 
a-dpm/m3 (Starkey e t  a1 . , 1960). Average exposure t o  the  e levated crane 
ope ra to r  du r ing  t h e  smel t ing  o f  uranium-contaminated scrap a t  the  l a t t e r  
f a c i  1 i ty  was 228 a-dpm/m3, averaged over a 40-hr week (Starkey e t  a1 . , 
1960). During smel t i n g  of  radium-contaminated drums, t he  crane opera tor  
was exposed t o  1058 a-dpm/mhnd 47.3 x 10- I "  ~ . ~ C i / c t n ~  (Starkey e t  a l . ,  
1961). General foundry a i r  a c t i v i t y  du r ing  the  Y-12 experiment ranged 
between 1 and 6 dpm/m3 averaged over  t h e  e n t i r e  smel t ing  heat  ( n  = 10 
and 9, w i t h  c o l l e c t i o n  t imes o f  30 and 10 min r e s p e c t i v e l y )  (McLendon, 
1958, 1960). 
When t h e  charge i s  composed of uncontaminated metal  scrap, 
emissions from t h e  me1 tdown pe r i od  o f  e l e c t r i c  a r c  furnace smel t i n g  
a r e  l a r g e l y  FezOs, ZnO, and v o l a t i l e s  f rom any remaining grease and 
o i l .  Thermal decomposit ion o f  l u b r i c a n t s  can produce s i g n i f i c a n t  
amounts of t h e  carcinogen, benzo(a) pyrene (Bates and Scheel, 1974).. 
3.1.2.2.3 SZaqging. The s i n g l e  va lue f o r  emissions du r i ng  t h i s  
process i s  t h e  average alpha dus t  concent ra t ion  a t  t h e  s i t e  most 
' f requented by  s lagg ing  personnel (Starkey e t  a1 . , 1960). The number 
o f  samples c o l l e c t e d  and p a ' r t i c l e  c h a r a c t e r i s t i c s  were n o t  repor ted .  
3.1.2.3 Pouring. and c a s t i n g  
3.1.2.3.1 Pour. Fumes produced du r i ng  pour ing  and c a s t i n g  a r e  
composed o f  ( 1  ) metal  oxides formed as mol ten metal  i s  d ischarged through 
a i r  and/or ( 2 )  decomposit ion products o f  mold r e s i n s  and o i l s .  Dur ing 
a complete heat, t h e  emission r a t e  o f  t h e  p o u r l c a s t  c y c l e  i s  t h e  lowest.  
During t h e  Y-12 reprocessing experiment p r e v i o u s l y  ou t1  ined, samples 
o f  general a i r  c o l l e c t e d  10 f t  f rom t h e  pour ing  ope ra t i on  a t t a i n e d  a . 
maximum of 1 . dpm/m3 (n = 12, 15-min c o l l  e c t i o n )  . Simultaneous sampl i n g  
i n  t h e  b rea th ing  zone of t h e  crane opera tor  averaged 1.2 dpm/m3 ( n  = 4, 
15-mi n c o l  1 e c t i o n )  (McLendon, 1958). I n  a 1 a t e r  experiment, t h e  average 
of seven general  a i r  samples o f  10-min d u r a t i o n  equaled 2 dpm/m3 
(McLendon, 1960). ' 
R a d i o a c t i v i t y  va lues f rom the  Paducah induc t i on  furnace smel t ing  
ope ra t i on  were g r e a t e s t  a t  6 f t  from the  furnace l i p  ( a t  the  c o n t r o l  
panel)  f o r  both a- and @ - p a r t i c l e s  du r ing  pour 1 (3.2 a-dpm/m3 and 120 
B-dpm/m3). The o n l y  general-area s i t e  monitored du r ing  the  pour was 
near an o f f i c e  l o c a t e d  30 ft n o r t h  o f  t h e  furnace (Scot t ,  1977; Davis, 
1977; Conrad, 1977). Values a t  t h i s  s i t e  equaled 0.2 a-dpm/m3 and 16 
@-dpm/m3. No e r r o r  terms o r  phys ica l  cha rac te r i za t i ons  o f  p a r t i c u l a t e s  
f o r  e i t h e r  the Y-12 o r  Paducah f a c i l i t y  were ava i l ab le .  
By conve r t i ng  ' f i e l d - c o l  l e c t e d  p a r t i c l e  counts t n  weight determi-  
na t i ons ,  F i r s t  and Dr inke r  (1952) o f  t h e  Harvard School o f  P u b l i c  Hea l th  
es t imated ranges o f  p a r t i c u l a t e  concent ra t ions  f o r  a number o f  i n d u s t r i a l  
s i t u a t i o n s .  On the  assumption t h a t  0.1 mg i s  equ iva len t  t o  5 x l o 6  
p a r t i c l e s ,  the au thors  est imated work r~om a i r  du r ing  pour ing t o  con ta in  
40 t o  60 mg pa r t i cu la tes /m3  ( F i r s t  and Dr inker ,  1952). 
3.1.2.3.2 Mold. Ferrous c a s t i n g  can emi t  q u a n t i t i e s  o f  f i n e  
p a r t i c u l a t e s  and organ ic  p y r o l y s i s  products, depending on the  temperature 
and composit ion o f  the  mold ( ~ a t e s  and Scheel , 1974) ; however, n e i t h e r  
o f  these f a c t 0 r s . i ~  now known, 
Ava i l ab le  data f o r  dus t  emission du r ing  t h i s  process i nc lude  the  
va lue  o f  9 a-dpm/m3 measured a t  t he  molding s i t e  i n  an experimental  
u r a n i  um-contaminated scrap reprocessing u n i t  (Sect.  3.1 - 3 - 2 . 2 )  
(S tarkey  e t  a l . ,  1960). Th i s  va lue i s  the  r e s u l t  o f  averaging readings 
c o l l e c t e d  a t  personnel s i t e s  over a 40-hr week. 
Workroom a i  r du r ing  mo ld ing  i n  a fac i  1 i ty process ing  uncontaminated 
m a t e r i a l  can a t t a i n  a fume concent ra t ion  o f  25 t o  40 mg/m3 ( F i r s t  and 
Drinker, 1952). As before, the working assumption i s  t ha t  0.1 mg of 
dust equals 5 x lo6 par t i c les .  
3.1.2.4 General foundry a i r  
The s ingle  entry under t h i s  heading includes fume concentration of 
undetermined or igin  i n  the workplace. This par t i cu la r  7-ton bottom- 
charged a rc  furnace used radium-contaminated drums a s  feed mater ia l .  
Continuous monitoring of dust a t  f i v e  s i t e s  resul ted in an average 
foundry exposure of 16 x 10-I uCi/cm3. Error terms, numbers of samples, 
and source term a c t i v i t y  were not pub1 ished (Starkey e t  a1 . , 1961 ) . 
3.1.2.5 Generalized smelter discharge 
under t h i s  heading a r e  included composite data col lec ted fo r  the  
e n t i r e  melt'. The usual range f o r  e l e c t r i c  furnaces i s  between 4.5 and 
29.4 1 b of  articulate per' ton of me1 ted s t e e l ,  a1 though the  average 
quanti ty i s  assumed t o  be around 10 lb/ton (Bates and Scheel, 1974; 
Vandegrift e t  al ' .  , 1971). These values a r e  based on extensive surveys 
of l i t e r a t u r e ,  industr ia l  associa t ions ,  and government agencies. No 
e r ro r  terms were i ncl uded. 
Emission inventory f i l e s  maintained by the Chicago Department of 
Air Pollution Control indicate t h a t  the  average uncontrolled discharge 
from 5- to  20-ton capacity e l e c t r i c  s tee l  melting furnaces i s  5.7 Ib/ton 
of raw materiel processed. Average uncontrolled emissions from small e r  
(<5-ton) o r  larger  (50- to  75-ton) furnaces a r e  10.6 and 9.6 1 b/ton 
respectively (Loquercio e t  a1 . , 1967). 
A s ingle  reference e x i s t s  documenting uncontrolled pa r t i cu l a t e  
discharge from e l e c t r i c  induction furnaces (USEPA, 1973). ~ h b  Ceported 
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va lue  of 0.1 1 b / ton  does n o t  i nc lude  any cons idera t ion  o f  oxygen l a n c i n g  
o r  o i l i n e s s  o f  t h e  scrap as f a c t o r s  a l t e r i n g  t o t a l  emission. 
3.1.3 Choice o f  values 
From examinat ion o f  f i e l d  data inc luded i n  the  preceding sec t ions  
and summarized i n  Table 14, we conclude t h a t  access ib le  i n fo rma t ion  
d e f i n i n g  personnel exposure t o  a i rbo rne  p a r t i c u l a t e s  i s  incomplete a t  
best ,  e s p e c i a l l y  so f o r  e l e c t r i c  i n d u c t i o n  furnaces. 
Presumably, exposurc l e v e l s  w i  4 1 f l  uc tun te  widely ,  depending on 
phys i ca l  c h a r a c t e r i s t i c s  of scrap charge, i n p u t  contaminat ion l e v e l s ,  
v e n t i l a t i o n  ra tes ,  temperature o f  d r i e r  and smel ter  fume, degree o f  
personnel experience, general housekeeping, e tc .  The v a r i a t i o n s  g iven 
i n  Table 14 may i n  p a r t  r e f l e c t  such parameters. Comparison o f  t he  
values o f  a i rbo rne  emissions i n  u n i t s  o f  a r a d i o l o g i c a l  u n i t  (MPC) f o r  
occupat iona l  workers versus emissions i n  terms o f  a p a r t i c u l a t e  u n i t  
(TLV) suggests t h a t  the  r a d i o a c t i v i t y  genera l l y  has been c o n t r o l  l e d  
b e t t e r  than have the  s t r i c t l y  p a r t i c u l a t e  emissions found i n  smelters. 
Therefore, as t h e  c o n t r a c t o r  w i l l  be requ i red  t o  comply w i t h  TLVs f o r  
a i r b o r n e  metals  i n  workroom a i r ,  i t  was decided t h a t  t he  present  
e v a l u a t i o n  would u t i l i z e  I TLV as our  re fe rence u n i t  on which t o  base 
t a b l e s  o f  i n h a l a t i o n  doses. Obviously, mu1 t i p l e  TLVs s imu la te  
re1  a t i v e l  y dus ty  opera t ions  and f r a c t i o n a l  TLVs c leaner  procedures. 
Since s t e e l  scrap was spec i f i ed  i n  t he  scenario, i r o n  ox ide  fume i s  t he  
a i r b o r n e  m a t e r i a l  of concern. The time-weighted average and shor t - term 
exposure l i m i t s  f o r  i r o n  ox ide  fume a r e  5.0 'mg/m3 and 10.0 mg/m3 
r e s p e c t i v e l y .  We use t h e  smal ler  value. 
3.2 Dose Factors for Inhalation and Immersion 
The real levels of airborne particulates will vary throughout the 
smelter, but in an, as yet, unknown way. Hence as our reference level 
of airborne material we use 1 TLV and assume it is uniformly applicable 
for all routine workers in the smelter building. From application of 
the CONDOS code, we give in Table 12 immersion dose factors and 50-year 
whole-body dose commitment factors resulting from 1 year's work in the 
smelter atmosphere containing 1 TLV of particulates contaminated with 
1 ppm of the various radionucl ides. Regardless of the concentration of 
airborne particles, the inhalation dose commitment is greater than the 
immersion dose for each radionuclide by at least an order of magnitude. 
Limitations (discussed in Sect. 4.1) of assuming that the concentrations 
of radionuclides in airborne particles are the same as in scrap apply to 
use of values given here. If respirators are used (Cavendish, 1976), 
inhalati,on of particulates and the consequent doses will be reduced by 
perhaps a factor of 100. 
3.3 Dose Factors for Ingested Radionuclides 
We treat ingestion of radionuclides from three pathways: 
(1) indirectly from inhalation of contaminated air, (2) from foodstuffs 
grown on contaminated soil and/or in contaminated air, and (3) from 
dirty eating circumstances. The indirect, internal dose commitment via 
ingestion of inhaled particles is included in the inhalation dose 
comrni tment factors a1 ready given (Sect. 3.2) ; the d.ose commi tment from 
foodstuffs grown on contaminated soil is discussed in Sect. 5.2. Here 
0 
we consider ingestion and dose commitment arising from dirty eating 
circumstances . 
Actual  values w i l l  probably vary w ide ly  depending on c lean l iness  
of t h e  washroom, a v a i l a b i l i t y  of a  c lean lunchroom, uniforms and gloves, 
and employees' persona1 hab i t s .  If eat ing  and d r i n k i n g  i n  t h e  smelter 
a r e  e f f e c t i v e l y  p roh ib i ted ,  as i s  the  usual h e a l t h  physics requirement 
f o r  r a d i a t i o n  work areas, i nges t ion  w i l l  be g r e a t l y  reduced. As a  
re ference l e v e l ,  we take an annual i n g e s t i o n  o f  1  g  of dust  o r  1  ug 
o f  rad ionuc l i de .  Th is  value would r e s u l t  from d a i l y  i nges t ion  o f  1  tnm3 
o r  dus t  o f  s p e c l f l c  gu'avity 4 contaminated w i t h  1 ppm o f  n u c l i d e  and may 
be compared w i t h  Duggan and W i l l  iams' (1977) r e p o r t  of values, obta ined 
by themselves and others,  equ iva lent  t o  2.5 t o  25 g  o f  dus t  ingested 
per  year by young c h i l d r e n  l i v i n g  near dusty s t ree ts .  Using Table 4-3 
f rom t h e  INREM code ( K i l l o u g h  and McKay, 1976) and Table V I I  from 
Kocher (1 977), we c a l c u l a t e  t h e  50-year whole-body dose commitments 
g iven i n  Table 12 f o r  annual ingest ions  o f  1  pg o f  t h e  var ious 
r a d i  onucl ides  . 
4. APPLICATION OF DOSE FACTORS FOR ROUTINE 
SMELTER WORKERS 
4.1 Method 
In preceding sections we have given dose factors for potential 
routine exposures of workers at the proposed smelter. Tables 9, 10, 
and 11 give external, direct dose-conversion factors for different 
workers from scrap, slag, and product contaminated with various 
radionuclides; Table 12 gives internal dose-conversion factors for 
inhalation and ingestion.of the nuclides and dose factors for immersion 
in contaminated smelter air. 
The dose factors are based on the following reference levels: 
(1 ) scrap metal, slag, product, and airborne material (Fe203) are each 
. . 
contaminated with 1 ppm of the indicated radionuc1.ide; (2) the amount 
of contaminated, airborne material is 5 mg of iron oxide per cubic 
meter of air; and (3) workers ingest 1 g of contaminated material per. 
year. Thus in real cases, data are needed for: (1) concentration of 
. . 
each radionuclide in the scrap metal in terms of parts per million by 
. . 
weight; (P) the  fraction of each nuclide which smelting separates into 
product and slag; (3) a generalized contaminated airborne concentration 
of Fe203 on localized airborne concentrations; and (4) the amount of 
contaminated material ingested. Given these data, one can readily 
apply the following multiplicative factors to the tabular values in 
estimating doses or dose commitments. Obviously, the total dose to any 
worker i s  the sum of his doses from particular nuclides. 
. .. 
To treat the ~alcul~tion analytically, let C be! the concentration 
. . .  
in parts per million of a particular radionucl ide in the scrap; CA be 
t h e  concent ra t ion  of a i rbo rne  FelOa i n  TLV u n i t s ;  Tn be the  t a b u l a r  value 
f o r  t h e  n u c l i d e  and approp r ia te  pathway i n  Table n; and .Trig t he  amount 
(g )  o f  a i rbo rne  p a r t i c l e s  ingested pe r  year. The ca lcu la ted  i n h a l a t i o n  
dose c o m i  tment, D ~ ;  immersion dose, D ~ ~ ;  and inges t ion  dose c o m i  tment, 
D ~ ~ ;  f o r  t h e  n u c l i d e  a r e  then: 
. 
I m p l i c i t  i n  these equations i s  t h e  assumption t h a t  rad ionuc l i de  
concent ra t ion  i n  a i rbo rne  p a r t i c l e s  equals the  i n i t i a l  bu l k  concentra- 
t i o n  i n  p a r t s  per  m i l l i o n  by weight f o r  t he  scrap metal.  These 
equat ions the re fo re  tend t o  underestimate the  f o l l o w i n g  doses: 
(1 )  t h a t  a r i s i n g  from scrap i n  which the  a i rbo rne  mate r ia l  comes 
l a r g e l y  from surfaces t h a t  con ta in  t h e  contaminat ion r a t h e r  than t h e  
b u l k  metal,  and (2 )  t h a t  a r i s i n g  from s lag  i n  which r a d i o a c t i v i t y  i s  
concentrated by t h e  s lagg ing process. The same equations tend t o  
overest imate the  a i rbo rne  contaminat ion a r i s i n g  f rom t h e  product  metal 
when t h e  s lagging process i s  e f f e c t i v e .  
Next l e t  E be the  e f f f e i e n c y  f o r  removal o f  t he  n u c l i d e  by smel t ing  
(e.g., i f  E = 0.9, 90% of t h e  nuc l i de  goes w i t h  t h e  s lag  and 10% w i t h  
t h e  product)  .and S be t h e  r a t i o  o f  smel t ing  agents t o  charge (which we 
have taken as 0.01 i n  computing Table 10). The ca lcu la ted  ex terna l  , 
d i r e c t  doses f o r  var ious workers from scrap, slag, and product  are: 
These r e l a t i o n s  a r e  approximations, good t o  l e s s  than 10% f o r  concen- 
t r a t i o n s  up t o  1000 ppm. As mentioned prev ious ly ,  our t a b u l a r  values, 
T ~ o ,  which e n t e r  i n t o  Eq. (5 )  become poor approximations i f  s d i f f e r s  
much from 0.01. I f  the  smel t ing  e f f i c i e n c y  i s  unknown, t h e  conserva t ive  
approach i s  t o  se t  E = 1 i n  Eq. ( 5 )  and s e t  E = 0 i n  Eq. ( 6 ) .  Th is  
amounts t o  assuming both t h a t  a l l  t he  contaminat ion goes w i t h  the  s lag  
and t h a t  a l l  goes w i t h  the product.  
4.2 Sample C a l c u l a t i o n  
As a s p e c i f i c  example o f  t he  c a l c u l a t i o n  o f  doses, consider  t he  
hypothet ica l  case o f  a f o r k l i f t  opera tor  working a t  t he  smel ter  f o r  1 
year  w h i l e  scrap i r o n  t h a t  i s  contaminated w i t h  50 ppm (by we igh t )  o f '  
na tu ra l  uranium and w i t h  2 ppm o f  "Tc i s  being processed. The 
e f f i c i e n c y ,  o f  t he  smel t ing  process i s  assumed t o  be 95% f o r  uraniunl 
and 40% f o r  technetium. The a i rbo rne  concent ra t ion  o f  Fe203 i s  assumed 
t o  be 0.5 TLV and t h e  amount o f  ingested m a t e r i a l  t o  be 0.2 g l yea r .  I n  
Table 15 a l l  the values t h a t  en te r  t h e  c a l c u l a t i o n s  a re  given. For 
na tu ra l  .uranium, the  r e l a t i v e  abundances o f  2 3 8 ~  , 235U, and 2 3 4 ~  must 
be considered. Taking the  values o f  Ti from the  appropr ia te  l i n e  and 
column o f  t he  app l i cab le  t a b l e  (9, 16; 11, o r  12 )  and the  s p e c i f i e d  C, 
S, and E values, we c a l c u l a t e  each k i n d  o f  dose us ing  Eqs. (1)  through 
(6). The r e s u l t s  f o r  t h i s  hypothet ica l  case a r e  g iven i n  Table 15. 
Table 15. Sample c a l c u l a t i a n s  o f  doses f o r  t h e  hypothet ical1 case o f  a  f o r k 1  i f t  opera to r  
(Sze t e x t  f o r  d e t a i l s )  
I n h a l a t i o n  (1  ) 
Immersion ( 2 )  
I n g e s t i o n  ( 3 )  
Sc.-ap 
Slag 
( 4 )  
( 5  
Product ( 6 )  
Tc fa l s  f o r  U-238 
Nucl i d e  
I r h a l a t i o n  ( 1 )  
Immersion (2 )  
I n g e s t i o n  ( 3 )  
Scrap 
S lag 
( 4 )  
( 5 )  
Product  ( 6 )  
T o t a l s  f o r  U-235 
I r i h a l a t i o n  (1  ) 7.3 - 2  
Immersion ( 2 )  1.8 - 8  
I n g e s t i o n  ( 3 )  3.2 - 4  
Scrap (4 )  2.3 - 5  
S lcg  ( 5 )  3.3 - 4  
P ~ d u c t  ( 6 )  1 1.3 - 6  
T o t a l s  f o r  U-238 . 
c 
: P P ~ )  
I n h a l a t i o n  (1  ) 
I m e r s i o n  ( 2 )  
I n ~ e s t i o n  ( 3 )  
Scrap 
S l3g 
( 4 )  
( 5  
Pr-;duct ( 6 )  
T o t a l s  f o r  Tc-99 
T o t a l s  f o r  31 1 rad ionuz l  i des  i 
Dcse c a l c u l a t e d  
and 
ecua t ion  number 
50-year 
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5. IMPACTS FROM STACK EFFLUENTS 
5.1 Stack E f f l u e n t s  
5.1.1 Prev ious ly  repo r ted  e f f l u e n t s  
To eva lua te  adequately atmospheric e f f l uen ts  o r i g i n a t i n g  from 
processing meta ls  i n  t h i s  smel ter ,  an es t imate  o f  s tack  l o s s  i s  
necessary. Values inc luded i n  t h e  f o l l o w i n g  d iscuss ion  have been 
de r i ved  from a v a i l a b l e  l i t e r a t u r e .  Al though incomplete, these da ta  
represent  t he  c u r r e n t  s ta tus  o f  f i e l d  mon i to r i ng  i n f o r m a t i o n  f rom 
a c t i v e  reprocessing i n d u s t r i e s .   he data  w i l l  be used t o  es t imate  
t o t a l  atmospheric emissions o f  i r o n  and then t o  c a l c u l a t e  doses. The 
e l e c t r i c - a r c - t y p e  furnace has been chosen f o r  f e r r o u s  scrap reprocessing 
because o f  i t s  a b i l i t y  t o  conver t  v a r i a b l e  grades o f  scrap t o  h igh-  
q u a l i t y  f i n i s h  s t e e l  (U.S. S tee l ,  1957). 
The f i r s t  seven e n t r i e s  o f  Table 16 represent  ac tua l  ope ra t i ng  
data c o l l e c t e d  from modern fume c o n t r o l  systems ope ra t i ng  i n  American 
Foundrymen ' s  Soc ie ty  (AFS) member f a c i  1  i t i e s  (American Foundrymen ' s  
Society ,  1976). P a r t i c u l a t e  d e n s i t y  o f  discharged fume f rom e l e c t r i c  
dr>c Furnaces i s  n o t  g r e a t  because o f  t he  l a r g e  volumes o f  a i r  r c q u i r e d  
t o  v e n t i  1  a t e  t he  furnace adequately (AFS, 1976). I n  con t ras t , .  t o t a l  
q u a n t i t y  of emi t ted  s o l i d s  ( i n  k i logram per  hour) i s  s u b s t a n t i a l .  
Inasmuch as the  m a j o r i t y  o f  e l e c t r i c  furnace emissions a r e  <5 pm i n  
diam (Table 17), h i g h - e f f i c i e n c y  c o l l e c t i o n  equipment i s  necessary t o  
reduce d ischarge t o  n e g l i g i b l e  amounts ( ~ 0 . 5  g r / f t 3  o f  a i r  a t  standard 
temperature and pressure) (AFS, 1976). For a1 1 examples o f  AFS e l e c t r i c  
a rc  furnaces, except numbers 6 and .7  (Table 16),  a  r o o f t o p  hood was the  
Table 16. C h a r a c t e r i s t i 3  of s tack emiss io is  j u r i n g  secondary m e l t i n g  o f  i r o n  and s tee l  us ing  e l e c t r i c  arc  furnaces 
Furnace Charge Stack Szack gas 
capaci ty  f l o w  r a t e  
U n i t  1 ( tons)  1 (t::$hr: 1 (m3/min) E m i s i o n  c o n t r o l  Stack lo= b ( ~ ~ / o s c F ~ )  ( t g / h - I  (k.g/ton charge) 
3.3 1 742 1 107 Rooftop hood I 25 178.11 9 3 I Rnoftoo hood 
a ~ r a i n s  per  standard c u t i c  Foot of d ry  s i r .  
b~e fe rences :  1. American =oundrynenms Soc;ety, 1976; 
2. Mayer, 1955; 
3. Ventur in i ,  1970. 
~ o o f t o b  hood 
Roof top hood 
Rooftop hood 
E.fac ~ a t e d  she1 1 and 
ele8:trostatic j r e c i p i t a t o r  
P te r iead  canopy hood 




Steel  manu- 
fac tu re  
Carbon and 
s tee ls  
o n l y  form o f  fume c o n t r o l  used. Number 7 furnace i .ncorporated a 
p i  vo t ing ,  c l  ose-f i t t e d  overhead canopy hood. Evacuated she1 1 
v e n t i l a t i o n  coupled w i t h  an e l e c t r o s t a t i c  p r e c i p i t a t o r  was used by 
u n i t  6. Pre- and pos tcon t ro l  d ischarge from s i n g l e  furnaces ope ra t i ng  
under s i m i l a r  cond i t i ons  can be.compared i n  e n t r i e s  8 through 11 
(Mayer, 1965). The e f f i c i e n c y  o f  d i f f e r i n g  c o n t r o l  equipment can a l s o  
be evaluated. 
.F ive years of ope ra t i ng  experience w i t h  t h r e e  e l e c t r i c  a rc  furnaces 
i n  a steelmaking, shop were reviewed .by V e n t u r i n i  (1  970). The fume- 
contro.1 system inc luded a d i r e c t - r o o f  evacuat ion t ype  o f  water-cooled 
elbow, and spray chamber a t  each furnace, damper-control led canopy 
hoods, and a g lass  f a b r i c  ba,ghouse. By mon i to r i ng  a t  var ious  p o i n t s  
w i t h i n  t h e  system, t h e  c o n t r i b u t i o n  o f  i n d i v i d u a l  p ieces ,o f  c o n t r o l  
equipment cou ld  be determined. These data a re  presented i n  e n t r i e s  12 
through 14 o f  Table 16. En t r y  12 inc ludes  measurements c o l l e c t e d  a t  t he  
opening t o  t he  hood ;duct w i t h  a1 1 dampers closed. The fume produc t  from 
a l l  t h r e e  furnaces p l u s  leakage through canopy hood dampers du r i ng  
tapp ing  and charg ing p r i o r  t o  baghouse f i l t e r i n g  i s  represented i n  
e r ~ l r - y  13. Pdr.1 i c u l  d"te conten t  u l' extraust a i r  f rom a1 1 baghouse 
compartmen'ts i s  e n t r y  14. 
Examples o f  e l e c t r i c  furnace fume c h a r a c t e r i s t i c s  a r e  e x h i b i t e d  
i n  Table 17. 'The f i r s t  s e t  o f  composit ion da ta  was c o l l e c t e d  i n  an 
e l e c t r i c  furnace shop and i s  thought by us t o  i l l u s t r a t e  t h e  maximum 
degree of v a r i a t i o n  (Campbell and Ful l e r t o n ,  1962). Dust f rom a 
baghouse t h a t  f i l t e r s  a i r  f rom two 146-ton u n i t s  was found t o  conta. in 
t h e  ox ides and,elements repo r ted  i n  the  data o f  Brough and Car te r  (1,972). 
Table 17. I r o n  and s tee l  foundry emission c h a r a c t e r i s t i c s  
( A l l  values a r e  f o r  e l e c t r i c  furnaces except values o f  S t e t t l e r  e t  a l . ,  which a re  f o r  a rc  welder fume.) 
I d e n t i t y  % o f  Tota l  % by Weight Reference 
Fe203 
FeO 





















c i  
I g n i t i o n  loss  
Bdlarlce 
S ta in less  s tee l  
A1 umi num 
S i l i c a t e  
S i l i c a  
Other 
Fume composit ion 
Yes Campbell and Fu l l e r t on ,  1962 i n  Bates and 


























Brough and Carter,  1972 
S t e t t l e r  e t  a1 ., 1977 
Diamctcr (pm) 
P a r t i c l e  s i z e  d i s t r i b u t i o n  
? Adams, 1964 
? 
5 60 ? Hanond e t  a1 . , 1967 
5-1 0 16 ? 
10-20 12 ? 
20-44 8 ? 
>44 4 ? 
<O. 5 90-95 Yes Coul t e r ,  1954 i n  Bates and Scheel , 1974 
0- 5 65-75 ? Cel enza, 1970 
0.01 - 0.4 Smoke 
0.03 - 1.0 O i l  vapors 
0-60 M e t a l l i c  oxides 
Kotzin,  1972 
Information gathered from AFS foundries further identifies smoke, oxide, 
and vapor particles that are said to be emitted in "light, moderate, 
and heavy" quantities respectively (Kotzin, 1972). No additional 
definition of these terms was given. 
Further analysis of arc furnace exhaust indicates that more than 
70% of all fume contains the particle size distribution published by 
Adams in his 1'964 survey (Adams, 1964). No background information is 
available for the distribution estimations of Hammond et al., (1967) and 
Coul ter (1 954). 
Measured values of generalized smelter discharge, in terms of 
pounds of particulates per ton of product, are given in Table 14. 
Choice of values 
Because the contractor must comply with existing emission standards, 
it was decided that the present evaluation would use national 
limitations set by the Environmental .Protection Agency. Performance 
standards for new and modified electric arc furnace emissions are stated 
as fol.lows: 
1. Emissions from the control device are limited to less than 
12 mg/dscmk (0.0052 gr/dscf) and 3 percent opacity. 
2. Furnace emissions escaping capture by the collection system 
and exiting from the shop are limited to zero percent 
opacity, but emissions greater than this level are allowed 
during charging periods and tapping periods. 
. . 
3. Emissions from the dust-handling equipment are limited to 
ten percent opacity. 
(Federal Register, 1975.). Opacity values are measured as equivalent 
sm0k.e density by use of the Ringelmann Smoke Chart (Kotzin, 1972). 
Regulations of the state of Tennessee limit discharge from .iron and 
*Mil 1 igrams per cubic meter of standard dry air. 
s t e e l  p l a n t s  t o  a  maximum of  12 mgldscm o f  a i r  (0.0052 g r l d s c f )  
(Tennessee Department of Pub1 i c  Heal th,  1977). 
5.2 Dose Factors f o r  Stack E f f l u e n t s  
Radio1 og ica l  impacts f rom mate r ia l s  re leased through the  smelter 
s tack  w i l l  depend on t h e  q u a n t i t i e s  (e.g . , mg/dscm o f  d r y  a i r )  and t h e  
c h a r a c t e r i s t i c s  (e.g., p a r t i c l e  s i z e  and s o l u b i l i t y )  o f  t h e  e f f l u e n t  
and on several s i  te-speci  f i c  factors. which inc lude preva lent  
meteorological  cond i t ions ,  demography, a g r i c u l t u r a l  p rac t ices ,  and the  
personal h a b i t s  o f  res iden ts  and v i s i t o r s .  Th is  assessment cannot 
address these f a c t o r s  i n  d e t a i l  because o f  t h e i r  s i t e  s p e c i f i c i t y .  
However, an approximate method i s  g iven f o r  es t imat ing  r a d i o l o g i c a l  
impacts from a i rbo rne  re leases.  
Table 18 g ives  annual average ground-level a i r  concentrat ions and 
sur face depos i t i on  r a t e s  o f  pa r t i c ,u la te  emissions a t  var ious  d is tances 
from t h e  smelter stack. These values were ca l cu la ted  by t h e  AIRDOS I 1  
computer code (Moore, 1977) f o r  t he  f o l l o w i n g  s i t u a t i o n :  (1 )  p reva lent  
meteorology i s  t h a t  used i n  t h e  L i q u i d  Metal Fast  Breeder Reactor 
Environmental Statement (USAEC, 1974), (2 )  1  kg o f  a i rbo rne  metal i s  
re leased un i fo rmly  du r ing  1  year, ( 3 )  the  smelter s tack has a he igh t  o f  
15 m and a  diameter of 0.6 m, and (4)  m e t a l l i c  p a r t i c l e s  a re  discharged 
a t  a  v e l o c i t y  of 5.0 m/sec (B. Emison, Nat ional  Lead s f  Ohio, CincinndLS, 
Ohio, personal communication t o  A. P. Watson, 1978). The AIRDOS code 
then uses these a i r  concentrat ions and sur face depos i t ion  r a t e s  t o  
c a l c u l a t e  both annual r a d i a t i o n  doses from immersion i n  contaminated. 
a i r  and from exposures t o  contaminated ground' sur face and 50-year dose 
commitments from i n h a l a t i o n  and inges t ion  o f  rad ionuc l ides .  
Table 18. Annual average a i r  concentrat ions and sur face depos i t ion  ra tes  f rom.re lease 





a With respect  t o  ba lue  a t  1000 m. 
' ~ead  as 3.8 x lo-'. 
Surface 
deposi ti on 
r a t e  
(mg/m2- sec) 
1.3 - 9 
~ r o u n d i l  eve1 
a i r  
concentrat ion 
(mg/m3 ) 
3.8 - 8  b 
Deposi t ion 
r a t i o a  
2.50 
Concentrat ion 
r a t  i oa 
0.88 
Table 19 g ives  t h e  annual average whole-body dose o r  50-year dose 
commitment t o  an i n d i v i d u a l  located 1000 m from the  stack v i a  each 
exposure pathway f o r  t h e  re lease o f  1  g/year o f  each radionucl ide.*  
Assumptions used i n  computing the  doses inc lude:  (1 ) t he  i n d i v i d u a l  
remains a t  1000 m from the  stack f o r  t he  e n t i r e  year, ( 2 )  t he  i n d i v i d u a l  
ea ts  food grown p r i m a r i l y  a t  1000 m from t h e  stack, and (3) no s h i e l d i n g  
i s  p rov ided by b u i l d i n g s  o r  i n te rven ing  s t ruc tu res .  I nspec t ion  o f  
Table 19 revea ls  t h a t  f o r  each n u c l i d e  the  surface ( i .e . ,  ground) dose 
i s  much g rea te r  than the  a i r  immersion dose. 
5.3 Method f o r  Es t imat ing  Doses 
To es t imate  annual average whole-body doses t o  persons near t h e  
smelter, t h e  f o l l o w i n g  parameters a re  needed: 
1. R ,  number of grams of metal re leased through the  stack du r ing  
the .  yea r  (user  i n p u t ) ,  
2.  wn, weight f r a c t i o n  of n t h  - rad ionuc l i de  contained i n  the  metai 
(user i n p u t ) ,  
3. Ny number of rad ionuc l ides  contained i n  the  metal (user  i n p u t ) ,  
4. T d ,  f r a c t i o n  of the  year  the  exposed i n d i v i d u a l  i s  x meters from 
the  stack (user  i n p ~ ~ t . ) ,  
5. D, number of d is tances from t h e  stack h ~ i n g  c n n s i d ~ r ~ d  (user 
i n p u t )  , 
6. F ~ .  f r a c t i o n  of t h e  year dur ing  which food i s  consumed t h a t  comes 
from d i  stance x (user  i npu t ) ,  
*For rad ionuc l i de  contaminat ion o f  1  ppm, t h i s  l e v e l  imp l i es  
emission of about one-fourth the  l i m i t  f o r  e l e c t r i c  a rc  furnaces o r  
3 mg/dscm o f  a i r .  
Table 19. Dose f a c t o r s  f o r  1 year  o f  exposure 
a t  1000 m f rom t h e  smel t e r  s t a c k  . 
( I n  rem pe r  gram o f  n u c l i d e  re leased)  
Who1 e-body dose F i  f t y - y e a r  who1 e-body dose 
commi tment 
















Ru- 1 03 
Ru- 1 06 
Te- 1 25m 
Te-127m 
..cs:- 1 34 
CS-1 37 
Ce- 1 44 
Pm- 1 47 
Th-232 






a Read as 2.6 x lo+.  
b ~ e a d  as 2.6 x l o1 .  
7. 5,  annual average whole-body dose (remlg) o r  50-year dose 
commitment t o  an ind iv idua l  located 1000 m from the stack 
f o r  a re lease 1 g o f  nuc l ide n v i a  exposure pathway p ,  where 
p = 1 f o r  inha la t ion ,  2 f o r  immersion, 3 f o r  surface,'and 
.4 f o r  i nges t ion  (Table 19), 
8. c , ' ground-1 eve1 a i r  concentrat ion r a t i o  f o r  distance x  a able 18), d 
and 
9. 3 ,  surface deposit ion rate r a t i o  for; distatice z (Table 18). 
These parameters are used i n .  the fo l lowing equations for :  
1. f i f t y - y e a r  dose commitments v i a  inha la t ion:  
N D  
D I N H  = R x 1 W  D' x hl T ~ C ~  rem , 
n= 1 n n - 
2. doses v i a  immersion: 
3. doses v i a  surface exposure: . 
N D  
DSlJRF= R x W n3 x 1 ' Tfld rcm, and 
n- 1 n n d= 1 
4. P I  f ty-year dose commi tments v i a  ingest ion:  
N D  
DING = R x W ~ D ;  x 1 FA rem . 
n= l  d= 1 
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The.above equat ions wi.11 g i v e  reasonable est imates of doses t o  
i n d i v i d u a l s .  : However, cau t i on  shou1.d be used i n  es t ima t ing  i n g e s t i o n  
doses because of t he  many va r iab les  and i n g e s t i o n  pathways involved.  If 
s i t e - s p e c i f i c  demographic, meteoro logical ,  a g r i c u l t u r a l ,  and personal 
h a b i t  data a re  ava i l ab le ,  we recommend t h a t  an AIRDOS run ( o r  a s i m i l a r  
meteor01 og'ical code) be made f o r  t h a t  case. 
5.4 Sample C a l c u l a t i o n  
If the smel ter  meets the  emission standard f o r  e l e c t r i c  a rc  
furnaces (12 mgldscm o f  a i r )  and operates 5 days per  week and 52 weeks 
per  year, about 3800 kg of.meta1 w i l l  be discharged from the  stack 
du r ing  the  year.* Assume, as i n  Sect. 4.2, t h a t  t he  metal conta ins 
50 ppm o f  230U, 0.35 ppm'of 235U, 0.0028 ppm o f  2 3 4 U ,  and 2 ppm of 
"Tc.. We wish t o  est imate the  dose t o  an i n d i v i d u a l  who i s  l oca ted  
1000 m .from the  stack f o r  one-hal f  o f  t he  year  and a t  24,000 m, f o r  the 
remainder o f ,  t h e  year.  Two cases a re  considered f o r  inges t ion ,  no food 
comes from near the  smelter,  and a l l  food comes from 4000 m from t h e .  
smelter.  Table 20 summarizes the  user-suppl i e d  i n p u t  parameters and 
the  r e s u l t s  o f  t he  ca l cu la t i ons .  Values f o r  L$, Cd, and Sd a re  from 
Tables 18 and 19. Resul ts  a re  obta ined w i t h  t h e  dose equat ions. The 
i n h a l a t i o n  c a l c u l a t i o n  i s  g iven as an example. ' From Eq. ( 7 )  and 
Tables 18-20: 
*Data on genera l i zed smel ter  discharge g iven I n  Table 14 suggest 
t h a t  one may expect about 10 l b  o f  a i rbo rne  p a r t i c l e s  per  t o n  o f  
product.  The smel ter  i s  intended t o  process about 26,000 tons annual ly .  
Hence the re  w i  11 be rough ly  1.2 x 10' kg o f  a i rbo rne  p a r t i c l e s  re1  eased 
i n t o  the  ducts o f  t h e  smel ter  annual ly .  To reduce t h i s  t o  3800 kg requ i res  
t h a t  t h e  baghouse capture about 97% o f  t h e  a i rbo rne  mass. Comparisons of 
data i n  Table 16 suggest t h a t  t h i s  i s  f eas ib le .  
Table 20. Parameters used i n  and r e s u l t s  o f  sample problem 
c a l c u l a t i o n s  f o r  doses from stack emissions 
Resul t s  Parameters Case 1 Case 2 
TI , years a t  1,000 m 0.5 0.5 
h ,  years a t  4,UUU m 0.0 0.0 
T ~ ,  years a t  24,000 m 0.5 0.5 
F I ,  f rom 1,000 m 0.0 0.0 
F Z ,  from 4,000 m 0.0 1 .O 
F ~ ,  f rom 24,000 m 0.0 0.0 
DINH, rem 3.1 - 8 3.1 - 8 
DIMM, rem 8.2 - 14 8.2 - 14 
DSURF, rem 3.4 - 9 3.4 - 9 
DING, rem 0 2.7 - 8 
T o t a l ,  rem 3.4 - 0 6.1 - 8 
. . . - ~-.-- 
a ~ e a d  as 3.8 x 1 O6 ., 
b ~ e a d  as 5.0 x lo-'. 
DINH = R(W~D: + W~D: + W~D: + w ~ D ~ ) ( T ~ c ~  + T2C2 + ~ 3 ~ 3 )  
= (3.8 x 106)(7.0 x 10'15 + 3.3 x 10'16 + 
8.4 x 1 0 " ~  + 6.0 x 10'16)(0.5 + 0 + 3.5 x 10'~) 
= (3.8 x 106)(1.6 x 10'"+)(5.0 x 10") 
.' = 3.1 x lo-' rem . 
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6. ACCIDENTS AND UNUSUAL CONDITIONS 
A worst-case est imate o f  t he  consequences o f  t o t a l  f a i l u r e  o f  t h e  
v e n t i l a t i o n  system can be made by assuming t h a t  t he  e n t i r e  smel ter  
b u i l d i n g  reaches an e q u i l i b r i u m  w i t h  a i rbo rne  p a r t i c u l a t e s  equal t o  
t h a t  i n  t h e  exhaust duc t  be fore  any f i l t r a t i o n .  I npu t  data used f o r  
t h i s  c a l c u l a t i o n  inc lude:  
10 1b o f  dus t  per  ton  o f  product (Vandegr i f t  e t  a l . ,  1971; 
Su l l i van ,  1969; bates and Scheel, 
1974; Bond e t  a1 . , 1972) 
Fe203, about 50% o f  dus t  (Sul 1 ivan, 1969 ; Bates and Scheel , 
1974) 
34 tons o f  product  per  s h i f t  (Emi son, 1977) 
3 x l o *  f t 3 / m i n  of a i r  exhaust (Cavendish, 1977a). 
1b dus t  l b  Fez03 ton  roduct  1 s h i f t  
lo ( t o n  product  0.5 (rn) 34 ( saift 1' 
m Fe 0 
= 1.88 x (ge) = 188 (9) 2. - 38 x TLV . 
Should t h e  exhaust system f a i l ,  a l l  fumes be discharged t o  the  b u i l d i n g  
and a l l  fumes be equa l l y  d i s t r i b u t e d ,  t h i s  contaminat ion l e v e l  might  be 
reached i n  about 20 min. Hence, wel l-maintained, automatic emergency 
power f o r  t h e  v e n t i l a t i o n  system seems essen t ia l  regardless of whether 
o r  n o t  t h e  f i n a l  b u i l d i n g  i s  a i r  supported. 
I f  a f u l l  l a d l e  o r  s lag  bucket should b u r s t  o r  over turn  and s p i l l  
i t s  e n t i r e  contents, t h e  immediate r i s k s  i nc lude  burns, perhaps 
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increased a i rborne contamination, and a d i r e c t  r a d i a t i o n  source no worse 
than 10 times t h a t  o f  a t y p i c a l  f o r k l i f t  o r  charge-bucket load. Should 
the  e n t i r e  contents of the  furnace be i n t e n t i o n a l l y  o r  i n a d v e r t e n t l y  
dumped, a sump has been planned t o  conta in  the  contents (Cavendish, 1977a). 
The main r a d i o l o g i c a l  hazard would probably be a pulse o f  a i rbo rne  
contaminat ion o f  unknown magnitude and dura t ion .  A f i r e  o r  explos ion 
i n  the  baghouse o r  i n  the  scrap d r i e r ,  i f  no t  sel f -conta ined,  would 
a l so  produce a i rborne contaminat ion o f  uncer ta in  magnitude. Automatic 
f i r e .  p r o t e c t i o n  a t  these p o i n t s  may be des i rab le .  
.Occasional operat ions t h a t  may lead t o  r a d i a t i o n  exposures inc lude:  
r e p a i r  and r e l i n i n g  o f  l ad le ,  r e p a i r  and r e l i n i n g  o f  furnace, and 
e r e c t i n g  and d ismant l ing  o f  t he  po r tab le  smelter system. Work on the  
i ,n terna l  surfaces o f  the  l a d l e  and furnace should probably i nc lude  the  
use o f  p r o t e c t i v e  c l o t h i n g  and r e s p i r a t o r s ,  and d i r e c t  exposures. should 
be monitored by a h e a l t h  p h y s i c i s t .  Loca l ized doses cou ld  poss ib l y  be' 
recei.ved by workers who p i c k  up contaminat ion through open cu ts  and/or 
abrasions. 
Because o f  the  l a c k  o f  essen t ia l  exposure informat ion,  dose 
esl;.i~~~dl;es .For- workers enyaged i n  these nonrout ine and/or unusual 
working cond i t ions  have no t  been ca lcu la ted.  
7. LIMITATIONS OF T H I S  TREATMENT 
7.1 Rad io log ica l  
Our present  t reatment  i s  o f  a p re l im ina ry ,  gener ic  nature.  For a 
d e f i n i t i v e  appra isa l  o f  a r e a l  smelter. operat ion,  care fu l  cons idera t ion  
should be made o f :  
1. concent ra t ions  of rad ionuc l i des  i n  and/or on the  scrap; 
2. a i rbo rne  p a r t i c u l a t e  l e v e l s ;  
3. ac tua l  l o c a t i o n  and average s izes  o f  t he  main scrap p i l e  (we have 
assumed i t  t o  be l a r g e  and q u i t e  c lose  t o  the  smel ter  b u i l d i n g )  and 
s l a g  storage p r i o r  t o  d isposal  o r  t o t a l  removal ; 
4. surface-to-volume r a t i o s  f o r  scrap; whether contaminat ion i s  
i n t e r n a l  (e.g., e i t h e r  i n s i d e  p ipes o r  the  r e s u l t  o f  neutron 
a c t i v a t i o n )  o r  sur face dust  and d i r t ;  
5. s p e c i f i c  ex te rna l  dose c a l c u l a t i o n s  f o r  ( 1 )  3-1/2-hr s h i f t  o f  
" se rv i ce  opera t ions"  by f o r k l i f t  o p ~ r a t o r s ,  which could double the  
values we have g ive f i  t o r  these workers; ( 2 )  o ther  persons (general 
maintenance workers, foremen, and superv isors)  f o r  whom doses could 
equal the  h ighest  doses we have given; and (3 )  l abo ra to ry  
techn ic ians  f o r  whom doses are  nQt expected t o  he l a r g ~ ;  
6. se rv i ce  opera t ions  i n ,  and removal of ma te r ia l s  from. t h e  haghn~rze; 
7, contaminat ion l e v e l s  expected i n ,  and d isposal  o f ,  s lag  tank water; 
8. general c lean l i ness  o f  t h e  operat ion, which inc ludes good 
housekeeping of t he  premises, a c lean lunchroom, and company- 
supp l ied  work uniforms and t h e i r  laundering; 
9. a i r  contaminat ion from d iese l  powered equipment i n  the  smel ter  
b u i l d i n g ;  and 
10. s i  te-specif ic  land uses and population density around the smelter. 
7 .2  Nonradiological 
Because of the scarci ty  of available information., t h i s  evaluation 
has not adequately addressed the nonradiological airborne hazards of 
smelter operation. Any further assessment shou.ld include t h i s  aspect 
of personnel exposure. However, certain c r i t i c a l  processes can be 
emphasized as sources of concern. 
Organic materials that  a re  e i ther  used as coatings for  molds' 
(pulverized coal,  dextrine, pitch, asphalt, and fuel o i l )  o r  found as 
contaminants on incoming scrap (oi 1 and grease 1 ubricants) w i  11 undergo 
des t ruc t ivedis t i l la t ionwhen heated (BatesandScheel ,  1974). Of . 
particular concern i s  the temperature range between 300 and 900°F (,about 
200 to 600°C) i n  which the heavy organic molecules of anthracene and 
benzo (a )  pyrene can be produced. Experimental sampl i ng of a i r  near 
e l ec t r i c  furnaces and molding yards has confirmed the presence of 
s ignif icant  quant i t ies  of the carcinogen, benzo(a)pyrene, i n  foundry 
atmospheres (Tanimura, 1968). 
During meltdown, emlsslons from an e l ec t r i c  furnace are  primarily 
f inely divided metal oxides (Table 16). The proportion of individual 
oxides i n  fume i s  determined by charge composition; for  example, 
galvanized scrap producing large quantit ies of ZnO, and terneplate s teel  
resulting i n  s ignif icant  PbO emission during smelting. S t r i c t  attention 
to  fume control i s  mandatory to  avoid metal fume fever and excessive 
exposure to  heavy metals. 
Fol lowing meltdown, oxygen lanc ing  of molten metal can produce a 
furnace atmosphere i n  excess o f  80% carbon monoxide (CO) (Davies and 
Cosby, 1963). To prevent  exp los ion  and personnel hazard, these l a r g e  
volumes o f  CO need e i t h e r  t o  be d i l u t e d  w i t h  makeup a i r  o r  t o  be burned 
o f f .  
Because o f  p o s s i b l e  l ung  damage and development o f  "welders" 
s i d e r o s i s ,  a n y . s i t u a t i o n  t h a t  cou ld  r e s u l t  i n  chron ic  'personnel exposure 
t o  i r o n  ox ide fumes i s  a candidate f o r  s t r i c t  mon i to r ing  and c o n t r o l  
( K l e i n f e l d ,  1969). C r i t i c a l  exposures can occur n o t  o n l y  du r ing  
weld ing operat ions,  b u t  a l s o  by i n h a l i n g  resuspended dusts. 
-.. 8.. ' CONCLUSIONS . . 
A methodology has been developed for evaluation of the principal 
radiation doses to routine workers in the portable smelter, as proposed 
by N L ~  for decontamination and reprocessing of iron and steel scrap. 
Straightforward application of the generic dose factors developed to a 
site-specific case requires prior knowledge of: concentrations of 
contaminating radionuclides in the scrap metal, airborne concentrations 
of Fe203, effectiveness of smelter in separating radionuclides from 
product metal, amount of contaminated materials ingested, amount of 
contaminated emission from the stack, local meteorology, demography, 
etc. Accuracy of predictions is limited, both by assumptions in the 
calculations (which are discussed) and by the preceding input factors. 
Limitations of the treatment, and hence implications for further 
calculations and procedures for safe operation of the smelter, are 
given. 
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